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6.0 EVALUATION .t\ND SELECTIQN OF THE CORRECTIVE ACTION TECHNOLOGIES 

· "T:he purpose of this section is to evaluate the Corrective Action alternative technologie~ retained --

-• through -the -iriitial -screening process completed in Section 5,0 for SWMU :Group A, MPA --

SWMUs and Site-wide Groundwater .. 

_ 6.1 EVALUATION CRITERIA -

_ Each technology retained -for SWMU Group A, MPA SWMUs and Site:..wide Groundwater will be 
. . \ . 

evaluated with respect to _the following seven (7) evaluation / balancing criteria:_ long term 

-- effectiveness; implementability; short-term effectiveness; toxicity, mobility and volume reduction; 

community acceptance; state acceptance ~nci cost (Region Ill Modei CMS Outline): -The goal of • 

_ this·evaluation is to-identify the best-balanced technology selections fo~ SWMU Group A, MPA 

SWMUs and Site-wide Groundwater for inclusion into Site Corrective· Measures Alternatives for -

evaluation in Section 7. _ Aspects of each technology addressed during the seven bc;ilancing: _ -

criteria evaluation are further defined as follows: 

_ 6.1.1 LONG-TERM EFFECTIVENESS -
,_ 

},,- Assessment bf the expected effective_ness _ after the technology is in place and (or .a _ . 

minimum·of 30 years thereafter. _ - _ _ _ - _ _ . _ _ _ -

)," Th~ degree of certainty that the technology wiU attain and continu~ to meet Site CAOs. -

- -},,- Projected usef~lrlife, and_the degree of operation and maintenance required. 

- )," - Potential risks from hazardous constituents. - - -

},,- Reliability. 
. . - . . . . . . 

- - 6.1.2 -REDUCTION OF Tox1ciTY: MOBILITY OR VOLUME 

},,- Ability to reduce_ the toxicity, mobility and volume of COis (EPA's preference). Those · 

technologies assessed to be capable o(eliminating or substantially reducing the toxicity, 

- mobility or volume were scored higher:. 

},,- - The potential tor the technology to p~oduce adverse side effects such as new COis from 

- residual by:-products. -

6.1.3 SHORT-TERMEFFECTIVENESS 

},,- · Potential risks to workers, the surrounding community; or the environment ·that may be 

encountered during the implementation (i.e. fire, explosion, structural integrity of existing • 

.: operations). 

},,- Potential threats associated with treatment, excavation, transportation and re-disposal, or -
- - -

- containment of waste materiai. 
- - -

},,- -- C~pability to a~hieve the short-ter~ CAOs: -

) - -__ : _-

- -
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· 6.1.4 . IMPLEMENTABILITY. 

. ~-• Ease or difficulty to implement. 

· ~ Feasibility of constructin9,. operating and monitoring the technology jn. view of _site specific 

issues. 

~ Length of time and likelihood of successfully acquiring all necessary permits and· off-site 
approvals .. 

· ~ Availability at the Site of· other· services and materials needed to implement the 

technology(i.e. wa·ste treatment, storage ahd disposal services) ..•... 

· · ~-· Time required for design, construction and implementation. 

6.1.5 COSTS . 

. . ~ Direct (materials, labor, equipment,· land· and site development expenses, and building .. 

and· service costs) and indirect c~pital costs ( engineering expenses, legal fees, -license or 

permit fees, startup and shakedown costs, and contingency allowances). 

· ~ Long-:term operation and maintenance (O&M). • These include: operating labor costs; 

maintenance materials; maintenance IEibor. costs; sampling and laboratory fees; disposal 

and:treatment costs; regular reporting costs; insurance; and contingency funds. 

~ Monitoring costs necessary to maintain_ tlie continued effectiveness of the evaluated 

Corrective Action:· 
. - . . 

· · k Thirty-year present worth calculations for constant dollar (2006) comparisons (discount 

-• factor of 5% was . used). Technologie's with a present worth 100% greater than .. · · 

alternatives that offer comparable benefits _were eliminated. 

Cost estimates were developed using ConstrucUon Link, Inc. [CLI] software .. A baseline generic . 

· cost estimate was prepared using CLI for each technology and included all typical construction 

. (capital) costs. Because of .the similarity in some Site SWMUs, the baseline estimates were . 

. used to estimate certain other SWMU costs by scaling up or down based on relative quantities. · 

• Economies of scale factors were also applied when a specific SWMU quantity was significantly 

. different than the. baseline quantity. The baseline and scaled cost estimates and. their scaling 

. factors. are summarized on the cost backup tables in Appendix A Bayer provided unit costs for 
' . . . . . . . . . . . . . . . . . . . 

technologies that involved on-site treatment, including wastewater treatment and incineration. 

The costs were then summarized i_n a series oftables for.each of the SWMU / SWMU Groups 

.• and Site-Wide Groundwater. • 

. 6~ 1.6 . COMMUNITY ACCEPTANCE 

· ~ f:'otential for the local community fo liave any concerns or objections with any a$pect of · · 

a particular Corrective Action technology. · 

6.1.7 STATE ACCEPTANCE 

· )"" Potential for acceptance by WVDEP. 
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>- Potential for compliance with applicable State and . Federal regulaUons (including 

permits, reporting requirements, etc.) that may .. be necessary. prerequisites to 

implementation_of a technology. 

6.1.8 CORRECTIVE ACTION TECHNOLOGY BALANCING CRITERIA EVALUATION 
METHODOLOGY 

·• Corrective Action technology alternatives have been numerically evaluated · based on best 

· professional judgment · and experience with these technologies ·· and application to · Site 

· conditions.. Each of the. potential Corrective Action technologies that were retained after the 

initial screening in Section 5.0 for S_WMU Group A, Main Plant Area SWMUs and Site-wide . 

. Groundwater have been scored pursuant to each of the seven evaluation criteria. The 

evaluation methodology is defined in· the table below. Numerical values ranging froni "O'' to "2" 

were assign·ed to each· of the · seven balancing evaluation criteria for each technology -
- . 

dependent on_ the assessed ability of that technology to address that speicific evaluation 

criterion. For example, if a technology is judged to have a "moderate" ability to meet the Long­

term Effectiveness criterion relative to the alternative technologies being considered, that 

·- technology was given a score-oL1 for that criterion: 

·. ·· Evaluation-Criterion 

. Long-term Effectiveness 

. Reduction of To;i;:icity, Mobility or 
Volume 

Short-term Effectiveness 

Implementability 

Costs 

Community Acceptance 

State Acceptance 
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Qualitative Description· 
·" ,, -

Limited to none 
--

- . 'Moderate -
. -- -- - .. -

Effective 

~[mi~ed _to Nc:m_e. 
Moderate. 

... ' - - --- -
Effective __ 

Limited to none 

Mqdernt~ _ 
Effective 

-- .... --~a_sy 
Moderate 
Difficult 

Minimal 
.-·- -- ' -: 

.. _ .. -~o~~rate to_ Low 

_ High __ 
Low 

Moderate 

High· 

Low 
.. 

Moderate 

High 

N~merical Value 

0 

2 

.0 

1 
·-- --- ---

2 
....... -- -- -· - . . -- . - ~ -

0 
-, 

2 

2 
1 
0 
2 ' 

1 

0 
Q 
1 
2 

,0 
1 

2 
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The scores for the individual seven (7) balancing criteria: for each technology were summed to 

determine the overall technology -score -for each potential Corrective .Action technology_ for. 

SMWU Group A, Main Plant Area_ SWMUs and Site-wide Groundwater. 

In the comparison of the seven (7) criteria, overall cost evaluations, using present value costs, __ 

are also_ as _ part of the final recon,mendation process._ These costs account for: the non­

discounted direct/indirect (capital) costs; O&M (annual) costs, and associated periodic costs for · 

: each of the evaluated Corrective· Action technologies. A comparative summary of present value 

costs is presented at the end of the evaluation for SMWU Group A, Mairi Plant Area SWMUs - -· 

: and-Site-wide Groundwater. _ 

6.2 - SWMU GROUP A- SOUTH LANDFILL AREA· SWMUs 1, 2, 3 AND 4 

_: As described in detail in Section 5.0, SWMU Group A contains the South Landfill (SWMU 1) 

and associated waste management areas: Sludge Lagoon (SWMU 2), Hydroblasting Station 

(SWMU 3) and the Ash Lagoon (SWMU 4). SWMU Group A is entirely within th_e property. 

- boundary of the Site, which has controlled access. SWMU Group A is estimated to be 

approximately 7 acres. See Figure·3-1 for lbcation.within ttie Site. - -- -

- The technologies identified for SWM U Group A that could potentially attain the CAO-s, either as 

standalone or in combination, -that remained after the Section -- 5.0 screening step · are 

_ summarized in Table 5:.22, qnd shown below: 
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-SW!\f1U G.re>Up A Techn(>logy$creeni11g Summ~ry-::, 
' ,- -- • _• • •: • • ,~- • • • ' • L ; • L • > ; •• < ,• > .' ' •" • ~ ' • • ' L • 

',,_ ., ; ' 

,:technology,· '/ 

ln_stitutional Controls 

'., ·" 
".,,.-' 

Covers/Caps (Soil: pavem~nt and/or synthetic memoranes) .. 
. .. . . . . ~ . . .. . . .. 

Containment Barriers (Sheet piles, slurry walls, synthetic membranes) 

Screening Result 

if ~1$i~~tr~at'?e~l VY~ll!{{J(f!fti~~i ·w~f 1~: ~Q~~fr,~~ted·~y ,tren.chi111i~tui/or inJ,et(io'h.L, : -. ~:;- • \ :< 
Zero-valent iron (ZVI) - · _:"'/:~_: .:}:i:;>;Ji~}~irl:~{</:··. ; \t , · . 
Biosparging · 

•.,,, '(' ,v; ',' , ;, ' ,' , -,· 'J-,e ,, '!. '' 1> ,, '.'.·:• 
',.·<>. .. '' :-;~~t~i~,e,d' ,e", ''.-:~:·, ,,,,\ 

; : ~ t" ,,,_ :;- .- - -

' ,~ ·-. -_-" 

ln°situ Chemical Oxidation.(ISCO) ,--

In-situ Biological (ISB) [Aernbic and/or Anaerobic] 

Chemical Flushing 

Soil Vapor Extraction (SVE) 

Enhanced SVE (In-situ the~al deso~ption by rnsistance and/or RF heating) ' 

' Stabilization ~:' ' :,·::> ', i ,) ? ' :·~~fa(li:~dS{~:jJ:i,, ,.;~~, \:\ 
:'.'fE~-,Sity;rre~Jm~'!i!bisPqti~/.,[Pss~uin_es,:rehiov~(by'-~~cayatiO!]__~iJ.dlor.purripingf : : :->:_ /: ::- : ' ' ' 

On-site Incineration (Bayer Facility). ,: , .- :. ·. ,:. '.) :):R~t~i~-~!f~,;:;~t :?\/, }: 
. Off-site Incineration / ': ; \~:.:;- ;: , :;J~ta(~~t., j;'.{,:::;:..\( ,' · 
. T_hermal Desorption 

. Biopiles / Landfarming 

Soil Washing 

Off-site Landfill 
·. _,·;_ .·,.,. 

-. ~ :,;_ ·.'-':· •. . ~; J... :.-
-:.,. ;',' 

. ,"! •• ·, 
:-·. : • ..!' •·•• 

Site-wide Groundwater Containment and Treatment 

Natural Attenuation 

Trenches and/or recovery.wells (SVVMU Group A perched water) 

The Section 5.0 screening process resulted. in twelve potential technologies which were 

· assessed capable of meeting Site CA Os -asso~iated with SWM U Group A. . A review. of Site 

.CAOs as they apply to SMWU Group A will prbvide focus to this detailed balancing evaiuation of 

__ the twelve. te¢hnologies. The RFI,. summarized in Section· 3.0 Summary of Current 

Conditions, concluded that Site areas requiring further study pursuant to this· CMS. are: 
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:~ -• SWMU: Groups A, B, C and D; SWMU 21; and SWMU 27,: re.lative. to the potential to -· - -· 

lea.ch COis from __ the SWMU into Site . Groundwater at concentrations of potential 

. concern; 
. " 

~ Site Groundwater 

As described in detail in Section_ 4.0 CorrecUon Action Objectives,_ the :CAOs (general_ 

.. descriptions of what Corrective Measures are intended to accomplish) for the Site, address two 

: environmental media, soils and groundwater, or more specifically: 

~ .. SWMU Group A related Site Soils, relative to the potential_ to leach COis into Site 

Groundwater at concentrations of potential concern. 

· · . · -~ -• SWMU Group A groundwater as it relates to Site-wide Groundwater .... 

. The overall CAO for SWMU Group.A is: 

~ At all times, prevent unacceptable human exposure from affected SWMU Group A 

Groundwater and Site S6ils 

· The SWMU Group A Soil CAOs are therefore: 
.. ' 

~ _ Prevent unacceptable industrial worker exposures to SWMU Group A shallow (0 to 2 ft-. 

· bgs)·surficial soil COis (i.e. deteded·contaminants), 

.. ~ Prevent unacceptable construction worker exposures to SWMU Group A subsurface (0 . 
to 5 ft-bgs) soil COis, arid · 

· ·. > Prevent unacceptable construction worker exposures t6 SWMU Group A soil COis (at all · 

:depths). 

The SWMU Group A groundwater CAOs are:-• 

· ~ .: Prevent unacceptable human exposures to recovered contaminated: groundwater from- · 

SWMU Group A . 

~ · Maintain . current . plume . hydraulic · containment of. SWMU : Group. A within the . S_ite: 

boundary .. 

~ . Provide _for the _ continued . control . of potential . off-site . · rnigration. _ of contaminated. . . · 

groundwaterfrOm SWMlJ Group A ~o a level that is protective ofsurface water quality . 

. ~ _ Implement reasonable efforts to eliminate or mitigate further releases of contaminants. 

froni SWMU Group A (using the site boundary as the point of compliance).· 

: An evaluation of the twelve potential technologies _with. respect to their ability to achieve these_ . 

· SWMU Group A'CAOsfollows. 
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) · 6.2.1 · INSTITUTIONAL CONTROLS 

) 

6.2.1.1 DESCRIPTION. 

-• Institutional controls (ICs)for SWMLJ Group A are designed to prevent human exposures to soil 

and groundwater contaminants over both the short and_ long-term. periods. Potential exposures . . 

· in the short-term would be to orisite workers (industrial and construction) who may excavate in · 

. areas with soils or groundwater with elevated COis at depths beyond 5 feet. Long-term potential . 

. exposures will be the same; based on the premise that the Site future site wHI remain industrial. 
. . . . . . 

Potential ICsJnclude the following: 

> Plant safety plan with · descriptions of the contaminants and safety_ protocols and.·· 

restrictions for Working within or near SWMU Group A. 

. ·. · > Hazard com~unication plan for worker activities potentially exposed to SWMU Group A, .... 
-• inciuding periodic worker and contractor training as necessary; with a general plant• 

facility plan and mapping notations forSWMU conditions for reference purposes. 

· > • Physical identification (signs) and. fencing, if appropriate .. 

. > Deed restrictions and/or recordation with .Miss Utility of West Virginia. Deed .restrictions 

· will run with the title to the land. 

> Groundwater m·onitoring. 

The evaluation of Institutional Controls· against the. sevf;!n . balancing criteria follows, with the· 

. score for each criterion. in parentheses ... 

6.2.1.2 LONG-TERM EFFECTIVENESS {Effective -2} 
.. 

> Effective in limiting the unacceptable worker exposures to subsurface cont9minants. 

The local pop~lation is prevented from potential exposures. by continuous. fencing around 

the plant and controlled access and security. · 

> Dependent on the maintenance of the plant safety, security and training programs: 

> . Subsurface contaminant levels will not be reduced. 
. . . -

, · ~ Deed restrictions will provide for long-term protection. Communication and enforcement . · 

is an administrative concern as a standalone Corrective Action. 

-. > Will meet or assist in meeting all SWMU Group A related CAOs except for sonie related 

to groundwater: . 

. o Maintain current plume hydraulic containment ofSWMU Group A within the Site 

boundary. 

o Pmvide for the co~tinued . control of potential. off-site migration of. contaminated . . . 

. .. groundwater from SWMU Group A to a level that is pmtective of surface wat~r 

quality .. 
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o Implement · reasonable . efforts .. to eliminate . or . mitigate . further · releases • of 

contaminants from SWMU Group A (using the site boundary as _the point of. 
compliance). 

6'.2.1.3 REDUCTION OF TOXICITY, MOBILITY O.R VOLUll/iE (None~ 0) 

~ Will not reduce or eliminate the toxicity or mass of COis .. · 
' ' . . . . . . ..... . . . . . . . . .. . -· -

6.2.1.4 SHORT-TERM EF~ECTIVENESS {Effective - 2) . 

~ Immediate in limiting exposure risk to the SWMU Group A 

·6.2.1.5 IMPLEMENTABILITY (Easy - 2) 
. - . . . ' . 

~ Implementable within the current safety and operating protocols atthe plant. 
. . . . . . . . . . 

6.2.1.6 COSTS (Minimal- 2) . 

• Major cost ~oniponents for I Cs incl~de: Safety Pia~ engin~ering; Physic~I .. barriers (fencing, . 

·• signs and notifications); and an assumed eight (8) grm1ndwater monitoring wells. Long-term 

. O&M costs assuming thirty (30) years of O&M have also been estimated.-The engineering cost . · 

_ estimate .summary for the I Cs is presented in Tc1ble 6.2-1. · · 

6;2.1.7 COMMUNITY ACCEPTANCE (High - 2) 

~. · No concerns or objections expected . 

6.2.1.8 STATE ACCEPTANCE (High-2} _ ·. 

~- No ·concerns ex:pected when used in conjunction with other. Corrective Action• 

technologies. 
. . . . 

6.2.1.9 SWM U GROUP A- INSTITUTIONAL CONTROLS EVALUATION SUMMARY 

ICs are intended for use in conjunction with other Corrective Action technologies and not 

as a standalone technology. ICs are therefore selected for further. evaluation as an 

elementof a SWMU Group A Corrective Measure alternative .. 

Effective 
. 2 

· Norie 
0 

··.,_In. 

,§·xi.· 
QI CUC , 
+t· -~-~ .. 
'o"cl .· :c cu· .. 
~-ffi .. ' 

. Effective 
2 
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· · 6~2.2 · · CAPS/COVERS 

6~2.2.1 DESCRIPTION 

• The cc1p/cover Corrective Action technqlogy for SWMU Group A consists of either a soil cover or 

. a synthetic CAP. over the approximate ?-acre area of SWMU Group A. For purposes of this 

evaluation, this technology is assumed to incorporate the following: 

o Ash lagoon backfill to achieve sloped subgrade (min. 2%) ,. approximately 2,000 cy ... 

o Site grading to achieve min~ 2%grade (avg. 1 /t thick over ?acres:-11,000 cy). 

o Geotextile. base (non-woven), HOPE membrane (80-mil), geosynthetic drainage net and 

final cover soil (2 ft thick) and vegetation, 

o Groundwater monitoring (four wells). (A detailed evaluation will be conducted on Site 

rnonitoring well requireme~ts, incorporating the locati~n of the existing monitoring. wells 

and determining the need for, and optimal location of, any additional monitoririQ wells 

that may be needed.)· 

.• Other capping technologies, such as low.:permeability clay sbil barriers, may be appropriate for · · 

prevention of worker exposures and reduction of infiltration. Asphalt; concrete and other rigid-

. pavement caps are not considered feasible because of the expected long-term settlement of the· 

·· waste· fill arid the · associated cracking/failure . of . the cap . layer. . Supplemental 

. dewatering/stabilization of the ash is not included in the corrective measure, although this action 

.• may be necessary if the ash fill does not have sufficient strength to support heavy equipment. 

and the cap material. 

.• The evaluation of Caps/Covers is described in the following sections .. 
. . 

6.2.2.2 LONG-TERM EFFECTIVENESS (Moderate - 1) · 

~ . Moderate improvement · in me3eting CAOs for Site · Groundwater vs. ··current· 

· operation ·of pump and treatment and containment of Site Groundwater. · 

~- Site-wide Groundwater may be positively affected. The CAPwould be effective in• 

· eliminating precipitation infiltration, thus isolating the existing waste materials and 

high concentration . soils that are . potentially leaching. contaminants . to the . 

groundwater, ·. and potentially reducing the · overall· contaminant loading.· 

Groundwater quality improvements would • be realized. by any . reduction of · . 

contaminant leaching to groundwater. A cap alone will not prevent groundwater · 

· migrating in the alluvial aquifer from leaching waste materials that are present 

below the water table. Note that at the time of placement, these wastes were not 
. . . . . . . . . . . 
put into the water table, but rather the. water table rose into the waste material 

after the instaliation of the Hannibal D~m. and subsequent rise in the Ohio River 

stage, 

. ~ · . ··. Viable·long.:term with ongoing inspection and maintenance.·. 
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•~ - · .would assist in -further limiting · wor_ker exposure potential to . subsurface 

contaminants. 

-~ Limits the potential for leaching of CO.ls to surface / subsurface soils. 
- . . . . . ' . . . . . . . . ' . . . - . . . 

~ Effectiveness wiU be difficult to measure. Monitoring. of groundwater quality _in 

the alluvial aquifer at SWMU Group A may not be an effective measurement of· 

the effects -of a· Corrective Action due to _the historic -co-mingling of plumes from 

other Site SWMUs. · 

.6.2.2.3 REDUCTION OF.TOXICITY, MOBILITY ORVOLUME (Liniited-'0) · • · 

~. · -· No reduction in toxicity or volu_me of waste (& COis) -· 

-~ - Mobility of the COis min_imized through reduced leaching; -· 

6;2.2~4 SHORT-TERM-EFFECTIVENESS (Limited--: 0) 

)- Jncreased potential for construction worker exposure during installation. 

};>. - . No improvementin the landfill vs. current ""soil cover in combination with I Cs. 

6.2.2.5: IMPLEIVIENTABILITY (MODERATE_ --:-1) · 

~- Conventional technology but may have some constructability issues ( subsidence, 

etc.) in placement of a cap/cover, - Waste material has· been infiltrated by the 

engineered increase in the water table (Ohio River level in~rease) leading t-o a 
. .. . ' .. . .. 

greater potential for subsidence. · _ _ _ 

Underground piping and utilities thatwould be covered by the cap would need to 

be relocated for future access. 

6.2.2.6 .: COSTS (MODERATE .;.. 1.) · · 

The engineering cost estimate· summary- for the cap/cover Corrective -Action technology is 

presented in Table 6.2-2, Groundwater monitoring will· _be a -required component of· this. 

technology and existing or new monitoring wells will be required to provide for long-:-term 

monitoring of SWMU Gmup A. Major cost component assumptions for this technology include: 

o Construction management (@ 8% capital costs), 

o Ash lagoon backfill to achi_eve sloped subgrade .(min. 2%), approximately 2;000 

cy, 

o Site_ grading to achieve min. 2% grade (avg. 1 ft thick over 7 acres- 11,000 cy), 

0 Engineered C~p / cover . . The. following assumpUons have been _made for cost 
estimation· purposes: Geotextile base (non-woven), HOPE membrane (80-mil), 

. . . . . . . 

geosynthetic drainage net; final cover soil (2 ft thick) and vegetation; 

o Up to four ( 4) additional_ monitoring wells in the alluvial aquifer, located at the · -

POC (Site boundary). 

. , BayerMaterialScience_rilewMart_CMSJuly2006.doc · . 6010. 
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o Long-term· O&M · costs • assuming · thirty (30)' years · of. O&M have · also been 

estimated for the. implementation of this Corrective Action technology. Annual 

and periodic costs include: 
' ' 

o .. Cap maintenance and replacement (@ 2% capital cost/year), . 
. . . - . . 

o Annual groundwatermonitoring (VOCs, SVOCs, metals),.· 

o Annual data evaluation.and reporting,. 

o Monitoring well replacement (20% every 5 years). 
. . . . 

6.2.2.7 COMMUNITY ACCEPTANCE (HIGH-2) 

~ No concerns or objections expected. 

6.2.2.8 STATE ACCEPTANCE (HIGH -2) 

~ No concerns or objections expected. 
' ' ' 

~ Consistent with Regulatory considerations .. 

6.2.2.9 SWIVIU GROUP A- CAPS/COVERS EVALUATION SUMMARY • 

,; Caps / Covers overall score as a standalone technology is 7: . 

Moderate 
1 I 

Limited 
0 

II) 

E tff ,_ C 
J!! Cl.) 

I :> ~-­Ou .c: Iii . 
(I) a: 

w 

Limited 
0 
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· 6~2.3 CONTAINMEi'ITBARRIERS-STEEL SHEETING • 

6.2.3~1 DESCRIPTION 

Containment barriers are \de~igned to reduce -lateral hydraulic loading and the associated 

potential for the. lateral n,igration of the groundwater to solubilize and transport dissolved phase 

COis .. Currently, groundwater from the SWMU Group A that may contact COis is contained by · 

. ttie site~wide groundwater recovery well system (MFG, 2003). The containment barrier would .. 

be designed-to further isolate SWMU Group A groundwater from the Site-wide Groundwater~ 
. . . ' - . . . . . . . . . 

Containment barriers may be used in- conjunction witli ~aps/covers (Section 6.2.2) to provide 

• isolation of a waste are~. Groundwater dewatering arid treatment (in existing Bayer wastewater : .. 

treatment plant) and monitoring are included inJhis alternative. Four(4) new monitoring weils in · -

. the alluvial aquifer at the. POC are also included for cost estimate purposes. A detailed 

· evaluation will be conducted on Site monitoring weH requirements, incorporating the location of· 

tlie existing monitoring wells : and determining the need tor, and optimal location -of, anY 

' additional monitoring wells th~t may be needed .. 

The barrier technology evaluated for SWMU Gro~p A includes a vertical containment barrier in 

-the form of steel sheet piling installed to depths of -50~60 ft-bgs and tied· to bedrock: This • .. 

concept.isolates the area within SWMU Group A from the associated underlying groundwater · 

zone. Conventional steel sheeting with field-applied joint sealant (Adeka epoxy or equivalent) is 

. included to minimize the ·wall hydraulic conductivity. The area within SWMU Group A requiring-

- the coht~inrtlent barrier is estimated to cover approximately 7 ~acres and t'he coritainmerit barrier 

• would extend over a lineal distance of approximately 2500 ft. 
.· . . . - . . . . . . 

: The depth of installation would be relatively deep (-60 feetf Driving long steel sheet piling 

·through the anticipated alluvial strata is a significant concern-. Published-literature indicates that 

. the estimated minimum wall modulus for the anticipated subsurface conditions is approximately' 

. 55 in3/ft (e.g., min: .AZ34 or PZ40) for low'."yield steel anq 50 in3/ft (e.g., min: AZ28, PZ40) for . · 

. · high-yield steel. Test driving is recommended. Discussions with a local contractor indicated a 

'' similar wall modulus value and a similar concern with driving through the alluvi~nayer. ' ' ' 

6.2.3.1.1 Containment Barrier Hydrologic Analyses 

·• A hydrologic.arialysislias been made_to estimate the netwat9.r inflow to the containment cell.fc,r, .. 

. the purposes of costing dewatering and water treatment measures. The main components of · 

-• inflow to the containment cell area are: rainfall infiltration, barrier leakage and bedrock leakage. · · 

The SWMU Group Acontainment area total 'eepage·rates are estimated to range from 8 to 19 

. gpm. Groundwater removal from within the containment barrier is included in this measure. : 

The level of intemal ~rawdown is estimated to be at elevation 600 ft (H2) to maintain an inward 

. hydraulic gradient and also to · dewater • the waste fiU area. This will · resuit · in a. · higher _ · · 

-• maintenance dewatering rate .. : Additional· recovery wells· within the containment barrier are· 

included in this measure fortliis purpose . 
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. ·~POTESTA 
·. ,It is also assumed that the. existing groundwater removal/treatment system will be· in. operation 

.and will allow treatment of pumped groundwater, and also contain any groundwater constituents .. 

· that may migrate. outward through the containment barrier. This alternative will include the. · 

incremental costs for treating the total estimated seepage through the Containment system. This 
. . . . . 

: seepage (arid average pumping rate) is estimated at 38 gpii, {19 gpm X 2.d safety factor) for ... 

cost evaluatiori purposes;. 

· · · · 6.2.3~1.2 Barrier Coristructability · 

· The choice of a suitable driving system is of fundamental importance to ensure successful pile · · 

installation. Diesel hammers perform especially well in cohesive or very dense soil strata. Under 

. normal. conditions it is usua.I to select a ratio of ram weight to weight of pile. plus cap of 1 :2 to . 

1.5:1.- A driving cap with a dolly is necessary t~ protect the pile heads and hammer ·du~in.g 

: driving. A penetration of 1-in per 1 o-blowsshould be considered as .the limit for the use of diesel : . 

hammers; However, :one contractor did indicate that theywould first consider a vibro-hamriler or · · · 

. possibly a hydraulic press. It should be noted that vibratory pile drivers are best. suited for work . · 

in non-cohe~ive soils especially when they are water-saturated .. 

. In the anticipated difficuit soil c:onditions of this site with regard to pile installation, sheet pile . 

. . placement should involve panel installation combined with staggered driving. Piles. should be . 

installed between guide frames and driven i~ short steps: piles 1, 3. and 5 first, then 2 and 4, etc. 

) . .. · Reinforcement at the tips is pruderit for piles 1, 3 and 5. Intermediate guides are recommended : 

.: to prevent flexing and other:associated driving .problems. Another method to improve drivability · · 

includes pre-drilling small diameter holes which have the effect of reducing the resistance· of the 

soil strata, but can also provide a conduit for seepage. High pressure jetting is an.other option, . 
. . . . : . . .: . .. . . . .. . . . .: . - . .. . . . 

but both options may. be precluded du.e to the. contaminants at the project site .. 

Appropriate precautions should also be taken to determine if the sheeting "unzips" during hard· 

driving {e.g.: signal transmitters, etc.) and contingency plans should' developed' to h~ndle 

construction problems, such as refusal above minimum tip elevation, etc. Driving ~lone through : . 

. : the anticipated:soU profile will most likely not achieve 100% penetration of all sheeting ·into the: 

rock; Subsurface unzipping would result ·in significant .increased lateral leakage· through· the 

. barrier._ This.condition was not factored intothe barrier leakage ca.lculation. · 

Test driving that demonstrates unsatisfactory placement of the steel sheeting may necessitate 

the selection of an . alternative. barrier technology that involves trench excavation; such as a 

· slurry wall. A cap/cover and. internal groundwater recovery wells·· wouid be r.equired in 

. conjunction with the barrier t~ reduceteliminate the i~filtration ot water and: maintain an inward 

.: groundwater hydraulic gradientwithin the barrier system. 
' ' ' 

The evaluation of Containment Barriers is described in the following sections . 
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6.2.3.2 • LONG· TERM EFFECTIVENESS (MODERATE :.... 1) 

~- · Effective in · isolating the waste · material and high concentration · soils from _ -· 

groundwater, potentially reducing the overall loading of COis to groundwater . 
. - . .. -- . . . - .. 

from leaching._ 

~ The · degree of seepage· reduction is dependent on the constructabjlity of the. 

sheet pile wall to the extent that the integrity of the seams is compromised. 

> · No :reduction in· 1ong-term risks to human health and· the enviro:nment from · 

current levels as the COis will be left in place. · · 

~- · · I Cs still needed to limit future exposure risks. 

6.2.3.3 REDUCTION OF TOXICITY, MOBILITY OR VouiME (LIMITED.:.... 0) 

~- · No reduction iri toxicity or volume of COis with the barrier system alone: Provides _ · · 

second line . of defense (i.e. in addition · to -Site-wide-• Groundwater. hydraulic. 

containment) against the potential for SWMU Grnup_ACOls to be transported to _ · 

surface water. 
- .. -- . . . . . . . .. ' . . 

6.2.3.4 SHORT~TERM EFFECTIVENESS (LIMITED - 0) . 

~ Increased potential short-term exposure risk for construction workers. 

No improvement in meeting Short-term CAos' vs. current actions.' 
. .. . . .. -- . . . .. . . 

6.2.3.5 IMPLEMENTABILITY (DIFFICULT:- 0). 

~ Difficult construction techniques· given the subsurface geoiogical conditions and . 

depth to bedrock:. Test driving that demonstrates unsatisfactory placement of the 

steel sheeting may necessitate the selection of an altern·ative barrier technology • -· 

that involves trench excavation., such as a slurry wall. (see-Section 6.2.3, 1.2. on 

constructability ). · 

Site utilities and process piping in the general alignment of the barrier_'Alall wiH be 

difficult to relocate. 

6.2.3.6 COSTS (HIGH :-0) 

Costs are high ($8.8MM Capital cost) with a high level of uncertainty. The engineering cost 

-• estimate summary for the · co~tainment barrier Corrective · Action technology is · presented in · 

Table 6.2-3 . .. 

Direct and indirect capital costs and required groundwater monitoring component costs 

have been-estimated using the following assumptions:· 

o - Construction management (@ 8% capital costs), • · · · 

· o ·· Site grading to provide working· platform for sheeting installation; 

o Steel sheeting placement (AZ-'34 low-yield steel sheet, 140,000 sf), · 
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.. #~no.· T· ·E· ry. 'A.: ~r- _- .J M 

o .Assumed · four .. ( 4) · dewatering Wells in· · the alluvial -• aquifer, inside of the · 

containment system, 

.. o Water pipeline additio~s .from .SWMLJ . GROUP A recovery wells to plant 

wastei,,vater treatment system,.: 

o Groundwater treatment .of incremental additional flow of 38 gpm (costs under. 

O&M, Section 6.2.3.6.2), and 
. . . . . . . . . - . . ' . 

o Four ( 4) new monitoring wells in t.he _alluvial aquifer at the POC. 
. . . . - . . . . . . . . . 

Lcing-term O&M costs ($75,000. annually) assurning thirty (30) years of O&M have been 

estimated. 

o Annual groundwater monitoring (VOCs, SVOCs, metals); 

o Annua1 data eva11.i·ation and reporting,.· 
. . . . 

o Monitoring well replacement (20%/5 years); 

o Recovery welloperation (@· 5% capital costs/yr), : . · . · . 

o Groundwater treatment (38 gpm@ $1.00/1000 gallons) · · 

6.2~3.7 COMMUNITY ACCEPTANCE {HIGH ~2) 
)"' . No probiems or concerns are expected. 

6.2.3,8 STATE ACCEPTANCE (HIGH - 2) 

~ · State/agency acceptance is expected. -

6.2.3.9 SWMU GROUP A- SHEET PILE CONTAINMENT BARRIER EVALUATION . 

. SUMMARY, 

Steel sheet pile containment barriers were evalu_ated for th~ seven criteria and were scored 

based on the evaluation. Sheet Pile Containment is not selected for further consideration 

primarily. because of limited: improvement in meeting. CA Os,. implementability coricerns coupled 

With high costs: The evaluation results are summarized below: 

•'" . .· . 

.... _·f .. ·• .:i,., .· 
., 1/) .·.. - w.·· ·-E··_ 

· -E ,fl· : o :Ei'G> ' . . . E w · . .a . 
. ·, i c ... · .15,,g ~:· .• >_~/~Q) 1'• - ., '!!! 

. -- GI ·:;:l ""' - I > . C, . . '6J;:?: U ·.;. 0. ·. · t:·- , . GJ. 
- c ·.-u :::, ~ > . · o .... · · E · . o Cl)· . . ,::r·u ... - u · --· · · · · · 

. ..J ffi •... ~·]:·0:' _::~:! '.·., ·/"' :-j. . 

_Moderate - ·· Limited · Limited . - Difficult 
1 0 _o o 
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-6~2.4 -CONTAINMENT BARRiERS· SLURRY WALL·. 

6.2.4.1 DESCRIPTION 

- ·o -. .,:J. . ' . ' . '' . .. 4i~lP·' . TEflJ'A_ -• . ~. J M 

- Analogous to a stieet pile·, the purpose of a slurry wail is -to isolate sources of COis from the 

_ associated groundwater zone beneath the source, reduce _lateral hydraulic loading, and reduce _ -

· or eliminate the lateral migration potential of COis into ttie groundwater .. · 

The barrier technology evaluated for SWMU Group A_ consists. of a soi_l-bentonite slurry wall 

· installed to depths commensurate with the bottom of the alluvial aquifer (-50-60 ft.:.bgs to 

- bedrock). The slurry wall is constructed by excavating a trench that is· filled with a bentonite -

slurry. The slurry hydraulicaUy supports the trench to prevent collaps~ and forms a filter cake on 
. . . 

· the trench waHs to reduce groundwater flow. The trench is backfilled with the excavation spoils 

_ that .are. blended with additional bentonite to form the complete barrier walL If the excavated _ 

spoils are not _free of contaminants, they would not be useable for a trench backfill. Clean fill 

material would need to be imported.for backfill, and.the spoils would be as~urried.to be placed 

-onsite within· the limits of SWMU Group A. For. costing purposes,. it is assurned that imported 

backfill material for SWMU Group A will not be needed. -

_ The area within SWMU- Group A =requiring the slurry w~II .barrier is estimatecf to cover - --

: approximately 7-acres and the wall length is estimated to be approximately 2500 lineal ft ( see -· 

_Figure_ 3-1). For a maximum barrier depth of -60 feet, the wall could be constructed with a . 

· 1arge excavator. These excavators _ have been· used for trenches -up to_ 100 feet -in depth. A -

- working platform approximately 50-100 feet wide is ~equired for· -trench c::onstruction. The 

-irregular topography surrounding SWMU - Grnup A makes -- it -impractical -to graoe the wall -

• alignment level or to a ge~tle slope around the entire perimeter: This surface topography would 

necessitate that -the wall be constructed -in stepped sections. -Transitions between the sections . 

. could be constructed with clay fill, injected grout walls, or steel sheeting. Support facilities would -

. includ~ water and bentonite storage systems, a slurry mix plar:lt'and a materials unloading area .. 

These facilities would most likely b~ located in a°temporary support zone on top of the south -

• landfill. 
. . . . . . .. . . . .. . . . .. 

6.2.4.1 ~ 1 Containment Barrier Hydrologic Analyses . . 

-• A hydrologic analysis has been made to estimate the net water inflow to the containment cell for 
the purposes of costing dewatering and water treatment measure_s. Th_e main components of -

__ inflow to the containment cell area are: rainfall infiltration, barrier leakage and bedrock leakage. · 

The SWMU Group A containment area total seepage rates are estimated to. range from 18 to _ 

33.5 gpm. Groundwater removal from within the containment barrier -is included in this 

·· measure. -The· level of internal drawdowri is estimated to be at elevation 600 .ft (H2) to maintain -­

an- iriwa_rd hydraulic gradient and also to dewater the waste fill _area. This will resuit in a higher : -

-) -_ -• maintenance dewatering rate. Additional recovery- :wells within -the containment barrier -are_: -

-• _ included in this measure for.this purpose .. 
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. ~POTESTA . 
.It is also assu111ed that the. existing grC>undwater removal/treatment system. will be· in operation. 

and will allow treatment of pumped groundwater, and also contain any gmundwater constituents 

that may migrate. outward through the contai.nment barrier. This alternative will include the 

increrrientai costs for treating the total estimated seepage through the contairimerit system. This .. 

seepage (and average pumping· rate) is estimated a{ 38:6 gpm (25.75 gpm x 1.5 safety factor) •. ·. 

.. for cost evaluation purposes . 

. The evaluation of Containment Barriers is described in the following sections .. · 

6.2.4.2 .. LONG-TERM EFFECTiVENESS (Moderate ....:.1). 

Similar to sheet-pile barriei: 

}> Effective in· combination with a cap/cover, in isolating thew~ste material and high 

concentration soils from groundwater, po.tentially reducing the overall loading of : ... 

COis to groundwater. from. ·1eaching.: .The slurry. wall .• is· .expected to .provide. 

greater actual seepage reduction than. a sheet. pile barrier, although theoretically . 

the steel sheeting barrier would ind.icate a lower leakage rate. · 

. ·~ weathered bedro~k ben~ath. the alluviurn will not provide an. impermeab1~ zone . 

to allow sealing of the containment barrier.· The degree ot seepage reducti~n will 

also depend on the ·constructability of the slurry wall. 

~· · · · Uncertainty· associated with .. the soil-bentonite compatibility with .. the site 

contaminants, .especially volatile organicl:> .. 

o . . Research to:-date has indicated that some organic contaminants can 

cause significant changes to clay structures and result in increased · 

perme~tion t~ contaminants. Bench-scale compatibility testing with a~t.ual .: . 
' H O • " • • •• • • •• • .. 

site contaminants is required to assess organic solvent permea6ility 

effects· on the bentoriite. matrix and provide : data to · verify · slurry wall·· · 

··feasibility and design the slurry mix. Other backfill· compositions may 

. need to be considered,. including soil:-attapulgite and geomembranes .. · 

.. No. reduction in long-term risks to. human health and the environment . from 

current levels as the COis will be left in place. 

~. Additional. recov~ry well~ would be required to manage barrier seepage within . 
.. . ·- . . . . . -- . . . . .. . . .. - . 

the containment area to maintain ari inward hydraulic gradient. 

~ ICs needed to limit future exposure risks. 
. . . . . . 

·· 6~2.4.3 REDUCTION OF Tox1c1TY~ MOBILITY OR VOLUME (Umited ~ 0) 
. . . 

Similar to Sheet pile barrier:· 

Adds a second defense - . in addition groundwater hydraulic containment -

against the potential for COis to be transported to surface water. 
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No reduction in toxicity or volume of COis. · 
\ 

. • .J. ~ : .. C · ·o s · aP ·TE· TA-· 

Pumping of groundwater froni within the containment system will ·reduce the 

overall mass of contaminants .. 

6.2.4.4 SHORT• TERM. EFFECTIVENESS (Limited -:- 0) 

· ~ Increased potential short-term exposure risk for construction workers ... 

~- Increased. potemtial exposures to site personnel and the community from trench 

excavation of significant· quantities of subsurface materials, some. of which is. 
likely 'to be contaminated. . . . ' . . . 

. . . . . 
. . . . . .. . . . . .. . 

~ . No improvement iri meeting Short-term CAOs VS. current actions 

6~2.4.5 IMPLEMENTABILITY (Difficult;_ 0) 

~- Some similar issued to sheet pile: 
. . . . . . . . . . 

o Slu.rry wall construction subject to the presence of potentially difficult site 

·• surface conditions .. 

o . Any site utilities.and.process piping in thegeneral alignment of the barrier: 

= wan would need to be. relocated prio_r to implementation of this measure ... 

o Property access along the western. side• of. the barrier may· need to be 
. . ' . . ' . . . . 

.: evaluated, depE3nding on the final alignment of the wall with respect to the 

railroad right-:of-way .. 
. . . . . 

Conventional constr~ctiori . equipment and the= materials of . construction are 

readily obtainable. 

Limited working area along· the entire alignment, especially to the west. · 

·· Varying fopography along the alignment· requires =construction in stepped 

sections; resulting· .in_ additional· excavation and grading to _prepare .the work 

areas. Transition zones between the sections would also entail additional work .. · 
. . . . 

~ . Potentially unst_able soil/waste zones_ {sludges and .ash) with. elevated. 

groundwater wm require the application of a heavy slurry mix to prevent trench 

failure. Some areas of the trench may faii because of these conditions, which 

would necessitate additional excavations. if subsurface conditions are found to . 

be ·very unstable alorig . sections . of the. proposed wau · alignment, then. pre­

excavation measures, such .. a~ deep soil .. mixing .. s~abilization, .should .be . 

considered to allow rriaintenance of a stable excavation for Jhe barrier. Pre­

design investigations should be performed . to establish_· subsurface conditions . · 

along the proposed wall alignment. 
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·APOTESTA··· 
6;2.4.6 . COSTS (Moderate - 1) · 

. Costs are · lower than. sheet pile with similarly · high uncertainty based on uncertainty of · 

subsurface conditions,:compatibility, etc. The engineering cost estimate summ~ry.for t~e slurry 

wall containment barrier Corrective A.ction technology .is presented in Table 6.2-4 . . 

· Direct and indirect capital costs ($2. 7 MM) and required groundwa.ter monitoring : 
·· component costs have been estimated using the following assumptions: 

' . , .. . . . . . . . . . .. . 

o Construction management(@ 8% capital costs), . 

o Site grading to provide working platform for wall installation, 

o Soil~bentonite slurry wall· (140,00Osf) 

0 15,000 cy. of spoil. materials are :assumed to. be contaminated. and. placed. within 

the SWMU GROUP Aarea forfinal disposal unde.r the future cap/cover; 

. o Assumed four (4) dewatering wells .in the alluvial aquifer,: inside of the 

containment system. 

· o Water pipeline additions from SWMU Group A .recovery wells to plant wastewater• ... 

treatment system, 

. o Groundwater treatment of incremental additional flow of 38 gpm. ( costs under 

O&M, Section 6:2.3.6:2),. and 
. .. . . . . . - .. . . . . . . ' . . -- . . . 

. 0 Four (4) new monitoring weUs in the alluvial aquifer at the POC. . 

·• Long-term O&M costs ($61 K annually) assuming thirty• (30) years of O&M have been 

estimated. · These . costs would . be real.ized mainly on· the cap/cover portion . of the 

.• alternative and groundwater collection, treatment and monitoring. Costs for Caps/Covers 

are addressed in Section 6.2.2. 

o Annual groundwater monitoring (VOCs, !:>VOCs, metals), . · · 

o .• Annual data evaluation and reporting, 

o Monitoring well replacement(20%/5 years), · 

o · Recovery well operation (@ 5% capital co.sts/yr), 

o Groundwater treatment (38 gpm@ $1.00/1000 gallons) • 

· 6.2.4. 7 COMMUNITY ACCEPTANCE (HIGH - 2) · 

~ . . No problems or concerns are expected . 

. 6.2.4.8 STATE ACCEPTANCE (HIGH - 2) 

~ State/agency acceptance is expected. 
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6.2.4.9 SWMU GROUP A- SLURRY WALL CONTAINMENT BARRIER EVALUATION 
SUMMARY. 

Slurry wall barriers were evaluated for the seven criteria and were scored based on the 

evaluation. The slurry wall barrier is selected for additional evaluation based primarily on the 
. . . . . . . 

more moderate costs vs. a sheet pile and comparable effectiveness. 

The evaluation results are summarized below: ·· 
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There are other techniques and technology variations that are equally effective to physical 

barriers for preventing contamination of uncontaminated groundwater where wastes remain in • 

·· place i~ the saturated zone, as is the case for SWMU Group A. ·As more fully described in 

Pump arid Treat Groundwater Remediation, A Guide for Decision Makers and Practitioners 

(EPA/625R-95/005), " ... hydraulic containment can be accomplished by controlling the direction 

of groundwater flow with capture zones. or pressure. ridges or physical barriers." -These 

- containment technology variations are not addressed in detail at this stage of the CMS. 
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6.2.5 . PERMEABLE REACTIVE BARRIERS (ZERO VALENT IRON) 

6~2.5.1 DESCRIPTION 

~POTESTA--

A passive permeable reactive barrier (PRB) system:for SWMU Group Ahas been assessed to 

be a potentially applicable Corrective Action technology for perched water, Implementation . 

· would involve the interception and in-situ treatment of perched w~ter by use pf a reactive media · 
. - . . . . . . . .. ' . . . . . .... - . . . - . . . . . . 

placed in a vertical wall configuration. Contaminated water is treated within the media and 

-discharges from the wall under. "natural" . flow -conditions.: The "funnel arid gate" application, - . 

Where the PRB is installed in combination with a containment barrier (sheet pile or slurry wall) to · · 

. hydraulically direct flow to the .permeable wall "gate" is not ·considered applicable for SWMU . · 
. . . . . . ' -

Group A since a continuous low permeability layer (aquitard) is not present in the SWMU Group 

A area. The funnel and gate _PRB is likely to alter the groundwater hydraulic regime and cause 

· an increase in the water table el~vation. The· ~bsence of the aqu1tard ·limits: the vertic~I • · · · 
. . - . . . 

containment ability of the systeni and may result in an increased vertical migration of perched · · 

water to the alluvial aquifer. 

For the CMS, a PRB system using zero-valent iron (ZVl)media is being evaluated. The barrier 

. would consist of iron granules (ZVI) that are mixed with a porous fill, such as sand, and placed . · 

in a continuous trench across the horizontal path ·of the perched water. _ Other potential PRB 

media may also be applicable: including organic media (HUMASORB~CS, surfactant-modified 

. zeolite (SMZ), nano~ZVI (submicron size):: etc). The mcist cost-effective barrier niedi~, and the : .. 

site-specific barrier design for the final selected ·media, will require bench-s~ale testing with 

actual perched water: 

PRB ZVI technology has been shown to be effective in treating VOCs and other organics · . 

present in SWMU Group A perched water. Chlorinated VOCs degradation by reductive . 

dehalogenation and. aromatics (benzene) destruction have. been well establish_ed i_n the literature 

(USEPA, September, 1988; FRTR, December, 2002): Generally, chlorinatedVOCs are readily 

reduced to non-toxic ethane, ethane and chlorides. Case studies of nitroaromatic :degradation · 

-• by ZVI are less commonly reported; and information onTDA treatment by ZVI was not available• 

based on literature searches conducted· for the· CMS. · Research studies have· showri that 

: nitrobenzene and hexachlorobenzene degradation was. achieved by ZVI. (Mantha. etal, 2002,. 

Yang Mu, et al, 2003; and Lu et al, 2004). Aniline was reported as a by-product of the 

nitrobenzene degradation .. 

The effectiveness_ and the application rate ofZVI for treatm_erit of the groundwater constituents 

· to acceptable levels needs to be determined from. bench'-SCale testing. The limiting design factor 

. is· generally the constituent With ttie lowest degradation rate .. In addition, the groundwater .. 

hydraulic conditions affect the estimat~d contaminant residence time in the PRB treatment zone 

\.: • and must be factored into the ,ZVI design. For the purposes of the CMS,· the ZVI quantity for 

} SWM.U GrolJp A is based on a typical ZVI application rc:1te for chlorinated voes with a 

.• BayerMateria1Science_NewMart_CMSJuly2006.doc. 



) 

) 

-· • _,Jp-o·----1e· ·s--T'1 • _·. -~-. ·.· ,• ft_·. 

concentration range of 10'."1_ 00 ppm. The estimated ?VI application used. for the. Cl\/1S. is. :40 

pou~ds Fe (9) per square_foot of wan: 

Potential lateral flow of perched water at SWMU Group A, under current c_onditions, would_ be _ . · 

from the interval between the local surface drainage (approx: elev. 625 ft-msl) a~d the estimated 

• elevation of the perched water ( appr~x. 635 ft. -msl). For the CMS, the PRB technology consists • . 

of a series ·of treatmenhvalls on the south, west and east sides of SWMU Group A to form a · 

continuous wall between SWM U Group A and any surface water drainage areas. The depth of _ -

the wall will vary, depending on the surface topography. In general, thePRBwil,I be 20 feet deep 

or less. 

The PRB installation method as proposed in the CMS is conventional trench excavation. Other 

emplacement rneth~ds have been. used,. depending on site. conditions, and. include. injection,. 

deep soil mixing, biosluriy walls and continuous trenching. The PRB wail ~ould consi~t of a 
mixture of ZVl.arid sand in a trench to approx. elevation 620 ft.-msl around the SVVMU GROUP . --

A west, south and east sides, approximately 1600 LF. The estimated ZVI (Fe (0)) quantity for • -

groundwater treatment _is 480 tons. The estimated sand quantity is 2000 tons. _ 

_ The evaluation of Permeable Reactive Barriers is described in the following sections. 

6.2.5.2 ;LONG-TERM EFFECTIVENESS (LIMITED__; 0) 

)-- . Would: protectthe surface water from the potential for perched water to migrate 

horizontally but would not affect perched watt:}r_which migrates downward: 

~- ZVI degradation of non-VOC organics present in SWMU Group A perched water _· 

have not been fully demonstrated and the formation of toxic by-products. 

compounds produced by the ZVI reactions with nitro aromaticswould need to· be 

ruled 6ut6y bench-scale testing. · 

~ · The gradual corrosion of the ZVI media has been reported and has beeh found to 

form precipitation on the metal -surface. -This causes a teductioh in ZVI 

permeability _a_nd reactivity._ In sorne cases this_.corrosion -has r_,ot affected· the .. 

: organic degradation rat_es. 

6.2.5~3 REDUCTiON OF TOXICITY, MOBILITY OR VOLUME (LIMITED~ 0) 

~ Questionable on reducing mass loading and mobility of contaminants to surfac~ 
. .. . . . . . .. . . ' . . . -- ' . 

waters and _ the alluvial aquifer · based on_ the absence of any evidence of _ · 

treatability for the site svots, especially the nitroaromatic compounds. 

~ . : Would • treat only the horizontal flow of perched water while most of perched 

water flow is downward. -

· Will not directly reduce or eliminate· the toxicity or mass of COis presently in 

place._ 
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6;2.5.4 SHORT-TERM EFFECTIVENESS (MODERATE--1) · 

. . . - . 

~ Questions on the effectiveness of treatability of site COis and ·the percentage of · 

perched water that would se·e the PRB. 

Potential for substantial health and. safety. issues for remedial workers because of . · 

excavation and on$ite placement of contaminated materials. · 
. . . . . . . - .. - ' . 

6.2.5.5 IMPLEMENTABILITY (DIFFICULT - 0) 

~ Concerns based on the presence of unstable fill materials, mainly the Ash 

Lagoon. Ccinsfructicm of the PRB trench may req.uire temporary excavation 

bracing, especially in unstable fill areas. · Trench construction methods will need . 

to be employed, such as bioslurry, which-would support the excavation arid not 

require worker access to the trench. Excavation . spoils c;1re assumed to be 

disposable within the SWMU Group A area. 

~ Potential undergrnund piping and utilities 

6.2;5.6 ·.C_OSTS (MODERATE "'.1). 

The enginee_ring cost estimate summary for the Corrective Action technology is presented Table 

· 6.2-5. 

CAPITAL 

_ Direct and indirect capital . costs have . been estimated · for the · implementation ·of. this · 

-• remedial technology. Additionally, groundwater monitoring will be. a required component 

of this technology and existing or new monitoring wells will be required to. provide for .. 

. long-term monitoring of SWMU Gmup A. Major cost components for this technology 

include: 

o Construction management (@.8% capital cost_s), .. 

o • PRB trench construction, 1600 LF at an average depth of 15 feet, with 6 in HOPE 

pipe and aggregate backfill. The estimated _ZVI (Fe (0)) quantity for groundwater 

treatm.ent is 48:0 tons. _The estimated sand quantity is 2000 tons. 

o Monitoring wells (4) in the Perched groundwater zone around SWMUGroup A. 

OPERATION AND MAINTENANCE 

_ Long-term O&M costs assuming thirty (30) years of O&M have also been estimated for · 

-· the implementation of this remedial technology. Annual arid periodic costs include: 

o Performance monitoring (VOCs, SVOCs and indicator parameters) for 5 years, 
- . . . 

o Annual monitoring (VOCs, SVOCs, metals) for 30 years, 
. . 

o Ann_ual data evaluation and reporting, 

o Most PRBs are designed to operate for 20.:.plus years with safety factors for 

media cotrosion. Operating . data beyond a 20 year period has not yet been 
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available. For purposes of the CMS, maintenance of the PRB is assumed to be 

negligible for the O&M period. 

6.2.5. 7 COMMUNITY ACCEPTANCE {HIGH-2) . 

>"· No problems or concerns anticipated from the community .. · 

6.2.5.8 .. STATE ACCEPTANCE (l\t1ODERA TE -1). 

);.:, PRB walls is an acceptable technology and would address established CAOs 

·>" . Would expect some concerns wi.th the uncertainty in the effectiveness as well as 

the potential to create add.itional COis . 

6.2.5.9 SWMU GROUP A PERMEABLE REACTIVE BARRIER(ZVI)- EVALUATION 
. ·SUMMARY . . . . . . . . . 

· A SWMU Group A PRB was evaluated for the seven cdteria and were scored based on the . 

evaluation. The evaluation results are summarized below: 

U) 

E.:fi 
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. 6~2~6 • BIOLOGICAL BARRIERS 

6;2.6.1 DESCRIPTION 

. The· biobarrier system evaluated for SWMU Group A perched water involves an enhanced 

biological barrier wall (vectical) configuration across the. flow direction. of the perched water ... ·. · 

· Anaerobic supplements would be suppiied to thei barrier media by direct injection or pur:nping · 

into a piping system. installed in the trench. Contaminated perched water would be treated by 

microorganisms established within and around the: barrier and the water would discharge from . 
. . . . . . 

.. the wall under "natural" flow conditions. The operating barrier should be hydraulically passive, · · · 

. and not restrict the existing groundwater flow regime or cause mounding or redirection of the 

perched water flow. 

Biobarrier involves the use of indigenous microorganisms to biodegrade the organic 

constituents in the subsurface, ·both in groundwater and the unsaturated zone.· The typical.· 

. system uses injected gases(air) with other supplements and nutri~nts t~ incr~ase biological 

. activity. These systems g·eneraliy operate. aerobically. . However; other supplements, such as 
. . . . 

• methanol, molasses, sodium lactate, methane and· hydrogen gas arid · other electron donor. 

materials have been injected to enhance anaerobic activity .. 

· Biotechnology has been shown to be effective in treating petroleum hydrocarbons, VOCs and 

some ofthe other organics present in SWMU Group A perched water. Chlorinated VOCs and 

aromatics (benzene) biodegradation has been well established in the .literature (USEPA-

.. Technology·tnnovation Office, August, 1998;.USEPANRMRL). Generally, chlorinated voes are· 

reduced anaerobicaliy. Aerobic degradation of most chlorinated voes is generally much le~s · ... 

.• effective. Case · studies of• nitroaromatic biodegradatiori are less commonly reported, · and · 

information on TDA treatment was not available based on literature searches conducted for the . 

• CMS. Specific cases. for biosparging of nitroaromatics and TDA were not found in the literature 

. search, although as indicated for lnsitu Biotreatment of Site SWMUs in the Main Plant Area, 

·(iSB Section 6.3:S), nitroammatics have been found to be successfully treated by anaerobic • . 

·· degradation: 

Other barrier applications,. such as the ''funnef and gate", and sparge wells, have not been 

• evaluated at this time. The "funnel and gate" application, where the biobarrier wall is installed in.· · 

combination with a containment barrier (sheet pile or slurry wall) to hydraulically direct flow fo 

the permeable wall "gate" is not considered applica_ble for SWMU. Group A since a continuous 

low permeability layer (aquitard) is not present in the ~WMU Group A area. The funnel and gate 

wall is likely to alter the groundwater hydraulic regir:ne and cause an increase in the water table . · 

· elevation in · the SWMU Group. A area: The absence· of the· aquitard · limits · the vertical 

containment ability of the system and -may result in an increased vertical migration of •. 

. groundwater. 
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. . . . 

Biosparge wells are also not considered applicable at SWMU Group A since the site subsurface 

• conditions · are -very heterogeneous and· stratification -of· soils/waste is expected.· In· these -· 

· conditions,_ biosupj:>lement transfer from the inj~ction wells could migrate laterally, and would be 

highly variably dis_tributed. 

_The biobarrier would consist of a porous fill, .such as sand, placed in a continuous trench across 
-- . . . .. . . .. . . . .. .. . .. ' .. . .. 

the path of the contaminant plume .. Other potential media may also be applicable,_ including 

organic media (HUMASORB~cs·, etc). Th~n,ost cost~effectiv~ barrier media, the biosupplement. 
. . . . ' . . . 

and nutrient requirements and the site-specific barrier design, will require bench-scale testi"ng 

-with actual perched water from the site. Hydrogen and methane gases would not be used at the · 

site because of their explosion potential. It is anticipated that a hydrogen donor supplement 

would be injected into the trench to ensur~ sufficient suppleme_nt dispersion throughout the 

-bqrrier. _ . _ . . 

The effectiveness of a biobarrier for treatment of the. perched water constituents would ~Isa be . 

• determined from bench-scale testing. Th~ limiting de~ign factor IS generally the constituent with . 

: the lowest degradation rate and the required residence time within the treatment zone, which is 

primarily. the biobarrier wall. The groundwater hydraulic · conditions affect the estimated 

• contaminant residence time and must be factored into t~e-de~ign .. 

. Potential lateral flow of perched water at SWMU Group A, under· current conditions, would be -

. from the interval between the local surface drainage (approx. elev. 625 ft-msl) and the estimated 

. eievation of the perched water (approx. 635 ft~-msl). For the.CMS, the biobaffier t~chnology 

c~n~ists of a series of treatment walls on the south, west and east sides of SWMU Group Athat -

would -form a continuous wall between SWMU Group A and any surface water drainage areas. 

The depth of the wall will vary, depending on the surface -topography. In general; the bio wall 

: would be 20 feet deep, or less. _ _ 

The biobarrier installation method as proposed in the CMS is conventional trench excavation. -

Trench excavation is considered a reasonable approach for the installation, especially where 

the ground surface is relatively flat ar,d open, and_ the peri_meter area of SWMU Group A is not 

. expected to have contamin:ated materials present in the subsurface. 
. . - . - - . . . . 

-· Ge~eral design parameters for the SWMU Group A biobarrier wall are as follows: . 
. . .. 

o Trench excavation to approx. ele_vation · 620 ft-msl around the SWMU Group A west, 

south and east sides, approximately 1600 LF. -The-• trench will contain . sand -with . 

perforated pipe arid well pojnts. The estimated sand quantity is 2000 tons. 
. . . . . . . - . ' . . 

o • Biosupplemerits for enhancement of anaerobic degradation -would be· identified after• 

bench scale trea.tability testing. A liquid feed system and trench piping is included with 

this technology. 

The evaluation of theSWMU Group A biobarrier.is described in the following sections.· 
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6.2.6.2 LONG-TERM EFFECTIVENESS (NIA) 

A shallow biobarrier in SWMU Group A.would be.intended treat potential lateral flow of perched. 

water from SWMU Group A to protect surface water· receptors. · An anaerobic biobarrier is · 

considered an:"emergfng technology" by USEPA and it has.not been thoroughly demonstrated 

to be effective. (USEPA, NRMRL): Anaerobic degradation of the:perched water constituenfa has 

been reported; butthe treatment applrcatioh was by insitu injection; not by a passive biowall 

. mode. In addition, hydraulic residence times in the barrier. trench are expected to be too short to 

allow sufficient biodegradation, even if.constituent treatability can be demonstrated _in a bench-.. 

~~~ie test. · Under passive conditions, a sand barrier (permeability, k ~1 ft/day) at a hydra_ufo 

: gradient of o: 1 would ha~e a seepage velocity of 0.03 ftiday. The ·hydraulic residence time for a 

· 3 foot wide trench would· be: approximately 60 days. This time period is expected to. be 

considerably: less. than necessary for complete anaerobic degradation of SWMU Group A · 

. groundwater constituents. This hydraulic limitation would .result in the incomplete treatment of. 

any contaminated perched water that may flow laterally to surface waters. Increasing th~ trench 

·Width a ~~fficierit amount to provide adequate residence time is no practical for SVVMU Gmup A. 

.. Since biobarrier t~chnol~gy has very limited demonstr~tion in similar applications and. the trench 

· application · at SWM lJ Group A· has·· hydraulic limitations, the bfobarrier · ·is ~ot · applica.bie for . 

• perched water treatment at SWMU Group A..· 

N/A N/A. N/A . .. N/A. 
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6~2.7 INSITU CHEMICAL OXIDATION (ISCO) . 

6.i.7.1 DESCRIPTION 

. p·oTEST:A a :i ··.· 

In-situ chemical oxidation.(ISCO) has been identified as a potentiai Corrective Action technology 

· for SWMU Group A: Oxidants such as sodium persulfate,. iron·~cafalyzed hydrogen peroxide : 

(Fenton's Reagent), a_hd persulfate (hydroxide-catalyzed) can provide significant reductions in 

soil and groundwater VOC .and SVOC constit_uents, and. in some cases destruction of. non­

aqueous phase liquids (NAPLs} .. Bench~scale testing is necessary to determine the treatability. 
. . . . ' . . . . . . . . . ... 

of waste constituents, including soils niixed w_ith TOI residue ·material. 

"The two most critical success factors in all rsco projects are the effective distribution of 

reagents in the treatment zone arid the ~eactivity of a particular oxidant with. the contamination . 

· present. . This combination requires careful site characterizations, . screening and .• feasibility · 

testing .. Failure to account for subsurface heterogeneities· or preferential flow path·s can cause . · · · 

. an uneven distribution of the oxidant, resulting in. pockets. of untreated contamin~nts ..... Low- . 

· permeable soils and subsurface heterogeneity offer a challenge for the distribution of .injected 

fluids": "Technical arid Regulatory Guidance for In Situ Chemical ()xid.ation of Contaminated Soil 

. arid Groundwater'', Second Edition, January 2005, prepar~d by the Interstate Technology . 

Regulatory Council (ITRC)3 , In Situ Chemical Oxidation Team. : 

· SWMU Group A is a . mixed. waste area. containing const~uction debris, process residues, 

polyur~thane strands and chunks, solids shipping. crates, packing . materials;: refractory . ,. 

materials, asbestos .insulation,. polyol and polyether type. material, scrap metal, miscellaneous 

· 55-gallon drums, clarifier sludge, process related residues_, iron . oxide residue · and ash slurry 

from the incineration of clarifier · sludge. . Since. SWMU 'Group A does . not have the 

: charactedstics to qualify. as a. high .. probability~of-success candidate for ISCO, · 1sco is". not : . 

considered applicable. for SWMU · Group A· and no further· evaluation of the. technology will be· 

.made. 

6.2.8 · 5TABILIZA TION/SOLIDIFICATION 

6;2.8.1 DESCRIPTION· 

• Stabilization/solidification (S/S):as proposed for SWMU. Group A involves the insitu introduction 

. of chemical reagents into the waste area to solidify the waste, soils and liquids and immobilize 

. the chemical constituents. Possible S/S reagents indude inorganic materials: lime, cements, kiln 

dusts, silicates and clays as well as pozzolans suCh as flyash~based; ·and organics such as 

· 
3 "Established in 199 5, the JTRC is a state-led, national coalition of personnel from the environmental regulatory 
agencies of some 40 states· and the District of Coiumbia; three Federaf agencies; tribes; and public and indu~try 

. stakeholders. The organization is devoted to reducing barriers to; and speeding interstate deployment of better, more 
.. cost-effective, innovative environmental techniques. ITRC operates as a committee of Environmental Research . 
. Institute of the States (ERIS), a Section 501©(30 public charity that supports the Environmental Council of the 
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thermoplastic .• and thermosetting products~ . · Introduction . methods • inc;lude injection, . · · 

auger/caisson mb<ing and. shallow excavator mixing. 

In general,. SIS has been· used mainly for inorganic waste. treatment but organic waste. types: . · 

have been treated as well. .. Typically, the organic reagents. have been. used for treatment of 

organic wastes and inorganic reagents have been used to immobilize mixed waste constituents 

by macro encapsulation. This process involves mixing of the waste materials with cements· or:. 

· other inorganic materials to solidify the waste mass. This process results iri a reduction in waste ·. 

moisture, permeability and leaching potential. 

. The COis At SWMU Group A are: 2,4-toluenediamine · (TOA), benzene; dichlorobenzenes, 

nitrobenzene, 2,4- dinitrotoluene, · 2,6- .d.initrotoluene,: phenol, p-chloroaniline; cadmium and . . . . . . . . .. . . . .. .. . .. 

nickel. Applications of S/S for mixed waste with chemical constituents specific; to SWMU Group 

. A h~ve .riot been ·fo~nd .in the lit~rature. GeneraUy, be~ause of the nu~erous options for.SIS 

reagents' mlxes. arid the complexity of waste materials, . bench:.scale testing is necessary: to. 

determine viable, optimum treatment mixes. A portion of SWMU Group A may be more 

effectively treated. with a different S/S reagent mix than others. 

For purposes of the CMS, a macro encapsulation stabilization technique is· proposed to · 

. immobilize SWMU Group A waste :materia.ls. The approach is based on insitu s~allow.and deep 

soil mixing and injection of cement/bentonite reagents using auger-type heavy equipment. 
. ·- . . . .. - . -· . . . -

Exsitu mixing is considered cost-prohibitive since the entire SWMU Group A would need to be . 

·• excavated and processed through an onsite mixing operation. General design parameters. for 

: S/S of SWMU Group A are as follows: 

·o ·•Treatment zon~ is 5-40 ft~bgs over an ·area of approxim~tely t acres. Average waste 

material thickness is 25 feet. See Figure 3-1; 

. o . Reagent application at20% Portla~d cement with 2%: sodium bentonite admix. Total 

cement and bentonite proposed are approximately 80,000 and 8,000 tons (dry weight), 

. respectively; 

o Pilot-scale field tests over .a.sub area.of SWMU Group A (minimum 2000 sf) to fiSSess 

reagent delivery methods, dosage and treatability. 

The evaluation of SIS is described in the following sec;tions .. 

6.2.8.2 LONG-TERM EFFECTIVENESS (Limited -0) · 

.. SVVMLI Group A presents a number of characteristics that limit .and may. preclude the 

effectiveness of S/S. These include: . 

. : ·_ .. : . . .: . . .. ·. . . - .: . . . .. · : . . : . . . . .. . .. .: 

States (ECOS) through its educational and research activities aimed at improving the environment in .the United 
States and providing a forum for state environmental policy niakei-s" (www.itrcweb.org) : . . . . .. . . . . 
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.};>· · Heterogeneous waste physical characteristics, including · debris in · the landfill. · 

area, which will prevent thorough reagentdistribution and mixing, . 

~ · . Mixed ~aste .. organic ~onstituents .may interfere . with . SIS reagent cement 

reactions, 

~ Mixed wastes, especially . the organic fraction, woul.d not · be expected to be.· . . . . . . . . . . . . . . 

completely immobilized . by SIS, especially over the. long term. Contaminant 

leaching would be reduced from the current conditions, however,· some leaching • 

would be expected over the long term since the treated waste mass would not be ·· · 

impermeable, and the waste constituents, especially the organics; would not be 

destroyed. in the treatment process. 

6.2.8.3 REDUCTION OF TOXICITY, IVfOBILITY OR VOLUME (Moderate ~ .1) . 
. . . . . ' 

~ The implementation of SIS for SWMU. Group A would likely reduce, but not 

~ .. 

eliminate,. the potentialfor leaching of COis to groundwater (i.e. mobHity) ... 

The treatability of the waste fill constituents and the TOI residues will need to be . 

evaluated . by . bench~scale. testing. Quantification of leaching reductions arid. 

groundwater quality improvements cannot be reasonably estimated at this ~ime. 

The toxicity and• volume• of the COis wastes would not effectively change since · 

the treatment would not significantly alter or destroy the· chemical constituents .. 

M_etals immobilization would be• signific~mt. since reactiqns. with· the . metals· will .. 

result in the. formation. of less solub.le metal hydroxide, carbqnate and silicate 

compounds. 

6.2.8A SHORT.:.TERM EFFECTIVENESS (Limited - 0) 

SIS waste encapsulation occurs in relatively short time periods after mixing. Concerns · 
include:.· · 

(. 
. . . 

~ Potential. exposure of site workers to the chemical reagents as well as to heat • 

and off-gas generation. 
. . . . . . 

. ~ Potential for reaction-induced effects such as the generation of excessive heat • • · 

and voe off-gases. 

· 6.2.8.5 IMPLEMENTABILITY (Difficult~ 0) . · 

~ · . The primary concern is the presence of large and bulky . debris. SIS reagent : . 

placement can be performed with . specialized shallow . and deep soil mixing 

equipment, however, bulky materials wm prevent the operation of. mixing 

equipment and tlie distribution ofreagents would be limited in those areas'. 

Free liquids within. the waste fill may contain significant levels of contaminants, 

including NAPLs which would be displaced during reagent mixing .and injections.·• · 

. · BayerMaterialScience_NewMart. CMSJuly2006.doc · .. · 6-30 

I 



)> 

) 

) 

·~POTESTA·· 
Containment systems, such as a continuous perimeter drain; would be required · · 

to prevent seepage and potential offsite migration of coritaminarits. · .. 

At a typicalsoil mixing treatmentrate of 500.:1009 cy per day,.the time to perform. 

the treatment of SWMU Group A would be .1-2 years with a.single mixing auger .. 

unit. 
. . . - . . .. 

. 6.2.8.6 COSTS (HIGH - 0) 
. . . . . 

The engineering cost estimate summary for the SIS Corrective Action technology is presented . . . . 

· in Table 6.2-6. · 

Direct and indirect capital costs have been estimated for the implementation of this 
' . . . 

·· Corrective Action technology. Majcir cost components for this technology include: .. 

o Construction management (@ 8% capital costs), 

o Reagent application at 20% Portland: cement with 2% sodium bentoriite admix .. 

. Total cement and. bentonite proposed are approximately 80,000 and. a'.ooo tons 

( dry weight), respectively; 

o · A· 2000 ton/day pug· mill operation· will be used to blend the cement/bentonite 

mixture,· 

o A 2000 ton/day batch concrete plarit will. be used to make the S/S slurry for 

injection, · 

o .. Shallow and. deep soil mixing augers wm be used. to .inject and blend the S/S 

reagents, 
' . ' ' . . - . 

o . · And four (4) new monitoring weUs in the alluvialaquifer afthe POC. 

Long-term O&M costs assuming thirty (30) years of O&M have also been estimated 

using the following assumptions: · · 

o Annual groundwater performance monitoring, data evaluation and reporting for 5-

years (VOCs; SVOCs; metals)· 

· o Monito.ring well replacement (20%/5 years), 

o Recovery weli · operation and perched. water collection for 5 years (@5% capital·· . 

costs/year) are required. Costs are addressed in Sections 6;8 and 6;9, 

o Groundwater treatment for 5 years (@ $1.00/1000 gallons) are required. Costs 

• .are addressed in Sections 6.8 and 6.9 .. · 

~.2.8.7 COMMUNITY ACCEPTANCE (Hig~ -2) 

. . .. ~ • No problems or concerns expected .. 
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6.2.8.8 STATE ACCEPTANCE (Low - 0) 

~ Concerns are anticipated based on· the uncertainties of the effectiveness· of the · 

teGhnology and the potential for. formation of new COis :with introduction of SIS 

reagents into the subsurface. 

6.2.8.9 SWMU GROUP A-SOLIDIFICATION/STABILIZATION EVALUATION SUMMARY· 

Solidification/Stabilization of SWMU Group A was evaluated for the seven criteria and was 
. . . - . . . . . . . . . - . . . . . ' . . . . . . 

• scored based on the evaluation. The evaluation results are summarized below: 
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6:2.9 ON-SITE INCINERATION (BAYER FACILITY) 

6.2.9.1 DESCRIPTION 

. On_;site . incineration utilizing. existing faciiities ·· at tfre Bayer. New Martinsville Plant . h~s been. . 

• identified as a· potential Corrective Action tectiriology for SWMU Group A. Bayer currently• 

operates . a. RCRA-per'mitted incinerator in . Block 21 . that is .used primarily for burning TDL 

. residues, The system permit allows for 85.00 lb/hr of waste with a BTU .val.ue. of >4000 BTU/lb ... 

Soil treatment.is allowed in the permit However, Bayer has riot treated soils to-date. and no 
. . . . . ' . . . . ·. . . . . . . . . . . . ' . . . ... 

·· facilities currently exist for handling large volumes of soils/debris. These facility upgrade costs 

· are included in the cost estimate as direct capital costs. Ash from the incinerator is considered . 

hazardous waste and is sent offsite for landfill disposal. · . \,,. 

. . . . 

·· Any ex".'situ treatment technology such as on..:site incineration/ disposal requires excavation arid 

removal of .SWMU Group A and raise:s the following .concerns for remedial operations w·ithin . · · 

operating facilities: . 

o. • Protection. of construction and . Bayer operating personnel froni. physical. ir'ljury or . · 

exposure to releases.· 

0 

0 

Protection of adjacent, subsurface and overhead process piping and utility systems and 
. . . . 

the. functionality o.f sensitive electronic process . communication_s,. instrumentation and 

operational controls. 

Physical access limitations 

o . Protection of the strnctu.ral a.nd functional aspects of the physicat plant 

The excavation zone is 0-45 ft-bgs over an area of approximately 7 acres. Average depth of 

. excavation is 25 feet. Excavations will include zones beneath the water table and will require 
. . . . . . . . . . . . . . ' . . . . . . . . . . . . . . ' ' . . . 

dew~tering: Total w~ste material vol_ume is ~stimated at 325,00_0 tons. See Figure 3-1. For 

·SWMU· Group A, the waste types are known to be mixed waste materials, including soils, 

.·. debris; ash, sludges, andTDI residues. The SWMU GroupA waste soils8nd interspersed TOI 

residues are all assumed to be RCRA wastes. 
. . . . . 

.. Capacity of Bayer's incinerator and its lack of a mechanism to feed solids or proven operability 

. are principle concerns. •·The available capacity. of. the Bayer incinerator is approximately· 0.25 

• tons/hr, or 6 tons/day. The: large volume of. waste or even a small fraction bf the approxirnately . 

325,900. tons. of waste would .overwhelm the current available capacity of the onsite incinerator. 

This equates to a waste processing time of 148 years at 100% operations. Therefore, on-site. 

. in'Cineratiori wduld involve building arid permitting ari on-site hazardous waste incinerator since' 

the current facility is not a feasible option. Therefore, 011..:site incineration has been eliminated . · · 

. from further consideration. Cos~ estimates have not been prepar.ed .at this .time ..•. · · 
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· 6.2.10 . INCINERATION (OFF-SITE) 

6.2.10.1 . • DESCRIPTION 
. . . . . - ' . . 

Incineration. utilizing commercial facilities is a potential Corrective Action technology for SW.MU 

Group· A.. As ~f 2005, there are 12 commerciai hazardous waste incineration facilities operating 

in North America (Ref: El, 2005). Nine (9) facilities are in the Unitecf States. Total 2005 

commercial capacity is approximately 500,000 tons per year. It is noted 'that85% of the wastes 

handled by these facilities are aqueous: and organic liquids: The remaining 15% are solids and · 

sludges, such as are present in SWMU Group A. If it is assumed: that the solids/sludges . · · 
... - - . . - - .. ·- . .. -- - .. . -- . . 

treatment capacity is 15% of the total, then the total solids/sludges incineration. capacity is 
. . . . . . . . . - . . . . . . 

approximately 75,000 tons/year. Most of the facilities are reported to be operating at full 

capacity.· 

. Totai waste material voiume in SWMU Grnup A is ~stimated at 325,000 tons. If :full capacity . 

.• (100%) of all of the North American commer.cial facilities was available, processing of the 

SWMU Group A waste volume would take 5 years. Assuming 20% of the North American 

. · incineration capacity is available, processing of the SWMU Group ·A waste votur:ne would take 

. 22 years. The commercial incineration capacity is, . howev~r •.. assun,ed to be inadequate. for 

. h~~dling the estimated waste quantity at SWMU GROUP A within a reasonable ti~e frame(< 5. 
: years) ... 

: Based on. a typical RCRA incineration. co~t of. $300/ton, incineraUon alo~e w~uld cost. an 

• estimated $97,590,000 for the 325,000 tons of material in SVVMU Group A Significant 

additional costs would be realized for excavaUon; waste preparation, transportation and site . 

. restoration. 

Therefore, based on capacity and cost considerations, off-site incineration has been eliminated 

.. from further _consideration. · 
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6.2.11 OFF-SITE LANDFILLING 

6.2.11. f DESCRIPTION 

Off~site landfilling is a p_otentially applicable ex-situ Corrective Action technology for SWMU .. 

· Group A · Both RCRA TSO and· rion.:.hazardous commercial · waste· disposal· facilities are 

anticipated for disposal. The portion of the waste materials that will be disposed of by either . 

. means will depend. on waste .classifications, onsite waste segregation, and onsite waste 

· treatment performance. 

For purposes of the CMS, it is assumed that 50% of the SWMU . Group A waste volume, or 

162,500 tons, are listed hazardous wastes. These wastes would require disposal at a· RCRA 
. . . . . . . . 

landfill facility. This listed waste quantity was based on the estimated volume of the ash lagoon: 

and the original_ South Landfill waste fill that is ct1rrently below grade. The lagoon. is expected to • . · 

contain mainly ash"d~rivedJr()m" the burning' of wastewater sludge, which contain_ed several ' ' ' 

now-:-listed "K" wastes. Th.e. South Landfill deep (below-grade) wa.ste. deposits are expected to . 

contain the bulk of the sludges and chemicals.that were landfilled prior to the onset of RCRA. 
' ' ' 

regulations. The remaining ·waste volume, 162,500 tons, is assumed to• be RCRA-characteristic 

Wastes: ·· 

Under the · USEPA 40 CFR 268 Hazardous Waste Regulations; Land Disposal Restrictions 

(LDRs); waste treatment standards have been established for land disposal of certain 

.. hazardous wastes. If the wastes do. _not meet these standards, they may require treatment prior; 

to disposal. In addition, characteristic wastes would need to. be treated to remove their RCRA ... 

characteristics prior to offsite disposal. These wastes would likely be able to be disposed of at a 

·· non~hazardous waste disposal landfill. Specific constituents found consfstently at SWMU Group• . 

· A and theirRCRA LOR treatment standards under 40 CFR 268.40 are as follows: 

. .• Waste Constituen_t (40 CFR 268.40) Treatment Standard, Maximum SWMU detection 
mg/kg . (RF/), mg/kg 

Benzene (D018) 10 1220 (SWMU 4) 

Chlorobenzene (D02·1) 6 7520 (SWMU 4) 

· Dichlorobenzenes (D027 and D028) 6 3480 (SWMU 4) · 

2,4- Dinitrotoluene (D030) 140 Data incomplete 

Nitrobenzene (D036) 
' ' 

14 Data incomplete 

Cadmium 0.11 mg/I TCLP .· 618.(total), (SWMU 2) · 
Chromium 0.60 mg/I TCLP 96,500 (total), (SWMU 2) 

F-listed wastes · Varies ( specific waste)• NA 
K027- Centrifuge and distillation residues from Combustion - as defined 

NA . toluene diisocyanate (TOI) production .. by 268.42 
Other listed waste (K, P, U) . . Varies (40 CFR 268.40) NA 

These maximum constituent levels·indicate
1

that the wastes are likely to exceed LOR standards 

. and .. require further- treatment prior to offsite landfill acceptance per · the. LOR standards. • 
. . . , • . . • • . • I . • • • . . - - . • . . . . -

Regulatory options for treatment of the mat~rials would include: . - . i . . 
I 
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o . Treat constituents to 268.40 standards,-· -· 

o · Obtain a treatability variance under 268.44; -· 

c . Use alternative treatment standards in 268.49. 

In all cases, the waste materials are expected to .require treatment prior to offsite landfilling. __ 

Thermal treatment processes are identified for the organic wastes. 

B_ased on a typical RCRA landfill cost of $150/ton, landfilling of hazardous wastes (RCRA-listed) 

-alone would cost an estimated $24,375,000. Non~hazardous waste disposal is estimated to cost 

$50/ton, or a total of $8, 125;000: Total disposal costs aloriS are $32,500;000. Significant 

_additional. costs would -be · re_alized for excavation, -waste preparation, onsite treatment, 

transp?rtation and site restoration. These costs are expected to range from $15-25Mrv'l. Total _ 

costs for implementation of_ this technology for SWMU Group A are_ estimated to be from $47 ,5 

to $57.5MM. 

Therefore, based on excavation, treatment and cost considerations, off-site. landfill has been . .. .. . .. .. . .. . . .. . .. . ' . . ·.. . . 

. eliminated from further consideration. 
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-. 6.2.12 SITE-WiDE GROUNDWATER CONTAINMENT· AND TREATMENT 

-Site-wide -Groundwater Containment and -Treatment will· be evaluated in detail: 1n Section Et4 -

Site-Wide Groundwater . . :At __ this stage of the CMS, ,Site-wide Groundwater Containment and . 

Treatment will be "retained!' for SWMU Group A 

.6.2.13 TRENCHES AND/OR RECOVERY WELLS FOR PERCHED VVATER 

Trenches and I or recovery wells is a potential technology to address contaminated perched 

· water in . SWMU _ Group A. Perched water is defined as -discontinuous saturated zones with­

water elevations above the· 1arger Site water table (alluvial aqi1ifer): Detailed descriptions of 

: ~me groundwater conditions are·contained in the RFI, Section7.0 (IT, 2001) a~d in other historic --

site reports,. most notably the Description of Current Conditions (ICF;:1995), the Procedures and · 

. Results of Investigation Required under USEPAConsent Order (Geraghty and Miller, Inc, 1988) : 

and the_ Final Report Hydrogeologic Conditions at the Mobay Chemi_cal CorporaUon Plant Site 

(Geraghty and Miller, Inc, 1985). Chemical analyses for perched water areas are contained in 

: the Geraghty and Miller; Inc, 1985 report. The findings of these investigation reports provide the -

-= basis for the evaluation of technologies to address perched water.· 

Perched water can flow both horizontally (lateraUy) and vertically. I~ the South Landfill area ~f : 
. . . -

- SWMU Group A; perched water conditions are very complex because ofthe heterogeneous · 

deposits ofwaste materials and.cover soils. The perched flow in this area has been determined _ . 

to be mainly downward, recharging the alluvial aquifer. However, wet-:-weather seeps have been 

reported along certain portions of the· ,andfill perimeter, particularly the south and east ends ... 

fhe~e seeps- have_b~en observed.to flow in dkect response to precipitation/infiltration . 
. - . - . . . . . . . . . . . . . . . . . 

.. Perch~d water le~elsa~e generally between ~levations 625-630 ft-msl ,in the South LandfiU area.· 

The base of ihelandfill is 8t approximate elevation 611 to 615 feet The original natural ground 

• surface in the area (El 630-635) was excavated in the early 1970's to remove up to 20 feet of- · -

sa.ils. In addition, the ash lagoon area was used as a borrow area, and the base of this lagoon is 

_ estimated to be at or near elevation 615 feet. The: alluvial aquifer potentiometric surface 

elevations (under pumping conditions) generally range from elevations 618-:6?3 ft-msl. The top 
. . . . .. . ... - - - . . . . . ,• . . . . .. 

of the alluvial aquifer varies throughout the plant area, and is generally between elevations 600-

: 620 ft-msl. A fine-grained (clayey-silt)layer (aquitard) separates the perched water from the 

underlying alluvial aquifer over _the main plant area. This aquitard varies in thickness, and is 

-• generally thinner- where eroded by the former :stream that ran through the main plant. In the 

SWMU _ Group A area, the aquitar_d has been . completely to_ partially excavated prior to 

_ development of the landfill and ash disposal lagoon. The aquitard appears to· be completely 

.: absent beneath the sludge lagoon: 

Chemical analyses of perched water in SWMU Group A indica_tes a range of detected volatile 
. . . . . - . . . . . ' . . . . 

) • : · and semi-volatile compounds, with highly variable concentrations. The perched water has been·· · 

sampled from the following points: 
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0 ·· Geraghty and Milier monitoring points from 1987 site investigations: LF-1 P, -2P, :.5p, -6P 

and 7P. See Figures 3-1 and 3-2 for the monitoring point locations.· 

Perched water chemical analyses are summarized as follows: 

Perched water Analyses Summary-1987 Investigations 
·· Chemical Compound, ug/1 unless otherwise indicated 

Monitoring Benzene Chlorobenzene Dichlorobenzenes Nitrobenzene Nitrotoluenes Toluenediamine 
Point ' 

. .. . South Landfill .. 

LF-1P 210 . 6000 260 . 100 33,700 . 
'LF-2P 

' 
LF-5P 170 1190 60 10 30 730 
LF-6P '1570 50 70 110 
LF-7P. 2100 200 

Note: .Blank entry indicates non-detected (ND) 

· The obje~tive of addressing pe_rched water in the SWMU Gmup A is to assist in the 

achievement of the following Site CAOs: 
. . 

· ·» : Provide for. the . continued : control• of · potential off-site migration· of· contaminated 

groundwater to a level that is protective ofsurface water quality. 

» · Implement reasonable efforts to eliminate or miUgate further releases of contaminants 

from Site SWMUs (using the site boundary as the point of compliance). 

» R~d~ction of con.taminant . levels;. as practicable, over time to support reasonably · 

.• expected use .. · 

· TECHNOLOGY DESCRIPTION .. 

Collection involves interception of the. perched w~ter from the elevation .of the localsurface .· 

drainage ( approx .. 625 feet) to the. estimated surface elevation of the perched. water ( approx. 
. . . . . 

635 feet). To assure complete collection of any laterally migrating waters, the collection system 

. will· need to address the perimeter of the ·swMU GROUP A Where it abuts surface water 

drainage, Le., on it's south, west and east sides: The interception of perched water will be by a .... 

.• series of subsurface collection drains. The drains will be placed in segments of300 feet or less · 

in length, with each section sloped.tea collection sump. The depth of-the trench and sumps will 

vary, depending on the surface topography. In general; the trench will be 20 feetdeep or less. 

The collection sumps will be greater depths. Each sump will have a submersible pump that 

• conveys coll~cted liquids to a local lift station from lfllhich th~ waters would be Pumped to the.· · 

.. plant wastewater treatment system. : . 
. . . . 

. For purposes of the CMS evaluationi the collection. system design is ba~ed· on the a~suniption : .. 

• that 100% of the estimated net infiltration into SWMU Group A Area under uncapped· conditions 

is intercepted. For a vegetated.cover condition, the riet infiltration is estimated to be 10 inches 
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per. year .. Over 7 acres; the annual volume would be 70 acre~inc:hes, or approxin,ately 1,900,000 

gallons. General design parameters for the SWMU Group_Aperched water collection drain.are 

as follows: 

o lnterc:eptor trenc.h to approx: elevation 620 Jeet around the SWMU GROUP A we$t, 

south and east sides, approximately 1600 LF. The trench will contair;i a perforated HDPE 

.. pipe and be backfilled with coarse aggregate for a minimum 10 feet depth, . 
. . . . . . 

o Five collection sumps with submersible pumps that discharge to a central lift station for 

conveyance to the onsitewastewater treatment system, .• 

o Average flow from the system will be 3.6 gpm, 

The evaluation of Perched water Collection at SWMU Group A is described in the following 

. sections. 

6.2.13.1 LONG~TERIVi EFFECTIVENESS (Moderate - 1) 

»· Would provide some assistance in meeting_ the CAO for controlling the potential 

of off-site migration of contaminated grou_ndwater and reduction of contaminant 

levels of Site Groundwater. 

Effective· in collecting perched waters that may otherwi$e migrate laterally from. · 

the SWMU Group A area to surface waters.· But a perimeter drain wouid not 

collect all ·of the perched water, allowing some to continue. to migrate vertic~lly to 

the alluvial aquifer. 

6.2~13.2 .. REDUCTION OF TOXICITY, MOBILITY ORVOLUIViE (Moderate_. 1) 

» Effective in reducing contaminant · mass loading to the alluvial aquifer and 

minimizing the potential for mass loading to surface waters _ 

» . · No effect on the. toxicity or mass of COis presently in place .. · 

. 6.2.13.3 . . SHORT-TERM EFFECTIVENESS (Moderate -:.1) .• 

~ Reduced potential for contaminant migration to surface waters .. 

» Reduced contaminant mass loc1ding to the alluvial aquifer. 

» Short-term increase in the potential for health and safety· issues for site and . · 
. ' . . .... ' . . . . . . . 

construction workers during implementation of Corrective Action (i.e. from 
- . . . . . . : . . . . . . -

excavation and onsite placement of contaminated materials). 

6.2.13.4 · IMPLEMENTABILITY (Difficult - 0) 
. » ... 

. » 

Traditional technology but difficult to i~plement on a large scale within a mixed 

waste landfill.· . 

Main concern: the presence of unstable fill materials,· mainly the Ash Lagoon; 

underground piping and utilities; and handling of contaminated materials ... 
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6.2.13.5 COSTS (Moderate .;,_ ·1) .· 

• • • < 

• The engineering cost estimate summary for the groundwater collection trench technology is . 

presented. ir1 Table 6.2-7: . 

CAPITAL . 

.• Direct and indirect .capital costs have. been estimated for the implem.entatiori of this . · 

Corrective _Action .technology. Additionally,_ .groundwater. monitoring wiU .be. a required 

component of this technology and existing or new monitoring wells will be required to · 

.• provide for· Iorig-term monitoring of SWMU Group 'A Major cost components for this . 

technology· include: ' 

o Construction management (@8% capital costs),··· . 

o Trench construction, 1600 . LF at an. average depth of 15 feet, wlth 6 in . 

HOPE pipe and aggregate backfill. Excavation spoils disposal is assumed · 

· to be onsite within SWMU Group A..·. 
' ' 

o·. Sumps (5), consisting of 6 ft diameter HOPE manhole.sections, average 

· depth 20 feet, 

o Sump pumps (5) and discharge lines (approx 4000 LF 1- in HOPE), 

.o .• Local lift station (6 ft diameter HOPE manhole) with. pump and discharge 

line to wastewater treatment system, approx 500 LF, 

o . Monitoring wells, 2-in, (8) around the collection drain, . 

OPERATi0N AND MAINTENANCE 

Long~term O&M costs assuming thirty (30) years of O&M have also been estimated for 

the implementation of this Corrective Action technology .. Annual and periodic. costs 

.. include: . ' 

6.2.13.6 . 

o Maintenance and replacement (@ 3% capital cost/year), 

o Wastewater treatment orisite at $1:0/1000 gallon, estimated 1.9MM 

. gal/year, ' 

o. Annual monitoring (VOCs, SVOCs; metals), 

o . Annual data evaluation· and reporting, 

COMMUNITY ACCEPTANCE (High- 2) 

~ · Community concerns are not expected• with this industrial site~ · 

6·.2.13.7 · STATE ACCEPTANCE (Moderate -1) 

~ · Acceptance expected ' ·~. 
~-· 

Some concerns with constructability and health and safety issues expected 

Site CAOs would be positively ·affected. 
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·6.2.13.8 · SWMU GROUPASussuRFACE ·COLLECTION DRAiN:..:.EvALUATION 

SUMMARY 

A SWMU Group A subsurface collection drain was evaluated for the seven criteria and were 

scored based on the evaluat!on. The evaluation results are summariz~d below: 

Moderate Moderate· Moderate · · Difficult Moderate 
1 1 1 0 1 

High 
2 

Moderate· 
1 

. 6.2.14 CORRECTIVE ACTION ALTERNATIVE RANKING SUMMARY~ SWMU GROUP A 

As indicated in Section 6.1.8, each 6f the p~teritial Corrective Action technology alternatives for 

· SWMU Group A was ranked following the completion of the criteria evaluations: Table 6.2~8 
preserits a summary 9f the. nc:m--discounted. direct/indirect capital . costs,· O&M ( annual) costs,• 

and associated . periodic. costs for. each of the. evaluated. Corrective Action technologies for . . . 

· comparative purposes.· Present value calculations were. completed for each of the individual 

Corrective Action. technologies. with the key assumption that the gi~en techn~logy was the only 

remediation required for that SWMU or SWMU Group. Table 6.2~9 presents a summary of the .. 

preserit value calculations for the evaluated Corrective Action technologies in SWMU Group A. 
. . . . . - . 

SWMU Group A technologies carried forward to .Section 7~0 evaluation area as follows: 
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Institutional Controls 

Containment Barriers (Sheet piles, slurry walls, synthetic membranes) . > :"'.~:x,i.•~.it~ii,i~{(~i~ir¥:~~!l}://(. .. 
: .. P~siiye· f;~~1tiil,~~t w~iJi,N~rli~alw~1is, corl~tr:~~t~~:!Jy t,:~nching:a~dlo{injec:tfon~J ·', 

-• • '• ,:·I· , ·• • -. • .. ~c • ., • , . • • • .• • • , ~ • _• - . • ,,- -• •' • • ' • • '' -., • 

Zero~valent iron (Z\/1) 

Biosparging · 

1n:.'s1tii iteat:;/i~nt- · • . . -----i-·- ... 

In-situ Chemical Oxidaiion (ISCO) 

In-situ Eliological (l~B) [Aembic and/or Anaerobic] 

.Chemical Flushing 

Soil Vapor .Extraction (SVE) 

Enhanced. SVE (In-situ .thermal desorption by re.sistance and/or RF heating) 

) On-site Incineration (Bayer Facility). 

· Off-site Incineration 

Thermal Desorption 

Biopiles/ Landfarming · 

Soil Washing 

. Off-site Landfill . 
' . 

' Gfotindwater Treatine'nt 
- - •• ' •• ~- - J -.. • • • 

Enhanced Site-wide Groundwater Containment and Treatment 

Natural Attenuation 

Trenches a.nd/or recovery wells (perched water) . 

~ - Evaluated and eliminatedfrom further consideratio.n 

) 
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'6.3.1• SWMU/ SWMU'GROUPSDESCRIPTIONSAND RELATED SITE~WIDECAOS' 

The Main Plant Area (MPA) contains all of the site SWMUs or SWMU Groups of interest with · · 

the exception of SWMU Group A. The ·SWMU Groups and SWMUs within the MPA have 

significant similarities, including surface and subsurface conditions and contaminant types that 

alloll'I potential Corrective Action technologies to b~ evaluated for. the MPA as a whole. to 

facilitate the CMS process, Individual differences in the SWMUs or SWMU Groups significant to · 

a particular Corrective Action technology evaluation, are · addressed as appropriate.: A brief 

. summary of the individual MPA SWMUs c,r SWMU Groups is contained in the following • . 

sections .. See Figure 3-2 for the. MPA location,. as well as the locations of MPA S'-"(MUs or . 

SWMU Groups .. 

. The specific issue to be addressed by this CMS with respectto Site Soils is the potential for Site: .. 

Soils associated with certain Site SWMUs to .leach COis to Site Groundwater in concentrations 

of potential concerns, based on screening of the Site SoH COi concentrations against the site 

specific SSLs.: Site Soils containing COis in excess of the SSLs are to be addressed as a 

potential source for the COis identified in groundwater. Site-wide CAOs related to MPA SWMUs . · · 

are bolded in the site-wide CAO list below: 

~ At all times, prevent unacceptable human . exposure ( carcinogenic risk > 1 x 10-a and 
Hazard Index > 1) from affected Site Groundwater and Site Soils · 

The Site Soil CAOs are as follows: 

)," ·. Prevent unacceptable industrial worker exposures to shallow (0. to 2 ft-bgs) surficial soil· 

.. COis (i.e. detected contaminants), 

)," Prevent unacceptable con.struction worker exposures to subsurface (0 to 5 ft-bgs) soil . 

COis, and 

· · · )," Prevent unacceptable construction worker exposures to soil COis (at all depths) .. 

·· The Site-wide Groundwater CAOs are as follows: . 

)," Prevent unacceptable human exposures to recovered contaminated groundwater, 

)," Maintain current groundwater recovery well system operation for groundwater collection 

and plume hydraulic containment within the Site boundary, and 

)," .• Provide for the conti11ued .control of potential . off-~ite migration of contaminated 

groundwater to a level that is protective of surface w~ter quality. 

)," Implement reasonable efforts to eliminate or mitigate further releases of contaminants 

. from SWMUs (using the site boundary as the point ofcompliance). 

~ Reduction of contaminant . levels; · as practicable, over time fo · support reasonably : 

.• expected use .. • . 
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6~3.1.1 SWMU GROUP 8 · 

SWMU Group B is a former bulk TOI residue fill area arid lies underneath the Bayer Plant · · 

• wastewater an_d storm :water. storage and treatment facilities. The existing facilities have either 

. been constructed. . on or within. fill material consisting of alluviaL soils interspersed . with. TOI 

residues. The entire SWMU Group B area is within t,he operating boundaries of .the plant, which . 

. has controlled access. The area of S\JVMU Group B is estimated to be approximately 10.5 . 

acres. SWMU 5 currently contains an equalization basin, approximately 2 acres in area, and a · 

.. rainwater storage basin, approximately 1.2 acres in area. The average depth oflhe basins is 20 

feet. The existing Bayer Plant wastewater treatment facility includes two (2) 125- ft diameter 

clarifiers, two (2) 100-ft diam_eter aeration tanks, and other small support buildings. Any intrusive 

·· operation and maintenance a.ctivities for the area, and for immediately adjoining facilities, will 

. rieed to be addressed in the institutional controls.· 
. . . . . - . 

· Based on the RFI expos~re risk assess~ent; no further action \s warranted in SWMU Group B. 

• based on the calculated risks for industrial arid construction worker scenarios: The comparison 
. . . . . . . 

.. of soil concentrations to SSLs indicate a potential for COis to leach to groundwater at potentially• . · 
• 

unacceptable concentrations .. 

6.3.1.2 SWMU GROUP C. 

SWMU Group C contains three relatively small areas (SWMUs .8, 9 and. 11 ), and one large 

. general r.esidue fill area (SWMU ?): SWMUs 8 and 11 ~were former waste treatment pits, from. 

200-400 sf in area, ranging from 7-10 feet deep. SWMU 9 was a temporary residue storage pile 

area, approximately 100 by 140 feet. SWMUs 8, 9 and 11 are iri open, non-operations areas. 

·.• SWMU 7 encompasses an approximately 4 acre area in Block 21 that includes the incinerator · 

facilities, the fuel· oil storage tank area and t,he other SWMUs within• the group. · The entire 

SWMU Group• C area is within the. operating boundaries . of the plant, which has controlled 

access. 

The SWMU. Group C Area has either been con~tructed on or within fill material. consisting of . 

~lluvial soils interspersed with miscellaneous soHd 'Na~te debri.s and TOI residues. Any i~trusive 
. .. . - . "' . . .. . . . . 

operation and maintenance activities for the area,. and for immediately· adjoining facilities,. will 

...• rieed to be addressed in the institutional controls .. 

) 

Based on the RFI exposure risk assessment, no further-action is warranted in SWMU Group C 

· based on the calculated risks for industrial arid construction worker scenarios'.· The comparison 

of soil concentrations•to SSLs indicate a.potential for COis to leach to groundwater at potentially 

. unacceptable concentrations. 

6 .. 3.1.3 SWMU GROUP D ·. 

SWMU Group D encompasses .the. former wastewater. trench. (SWMU .• 10) an.d acid 

neutralization basin. system .. The trench was located irt a form~r stream channel that ran through 
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.• the plant arid was connected to the neutralization basins{SWMUs 12, 15 and 16). The trench= · · 

• segment identified as SWMU 1_0· contains a main branch approximatelt 1850 feet lohg, · and a . · 

lateral section apptoximately 400 feet in length. SWMU: 1.2 was reported to be 30 ft by 1_00 ft by 

17 ft deep. SWM Us 15 and 16 are snialler, with dimensions of 1 O ft by 30 ft arid 12 ft by 12 ft by 

·. 15 ft, respectively. The depth of SWMU 15 is not known. Each of the basins were unlined pits . 

. used for acid wastewater neutralization: The trench and basins have all been backfilled.·· .. 

• The entire SWMU Group D area• is within the operating · boundaries of the plant, which. has 

controlled access. Any intrusive operation and maintenance activities for the area, arid for · 

. immediately adjoining facilities, will need to be addressed in the institutional controls. 

Based on the RFI exposure risk assessment, no further action is warranted in SWMU Group D 

based on the calculated risks for industrial and. construction worker scenarios. ·= The RFI 

. · con~luded that ~roup D should be evaluated in the CMS as. a potential. source area for COis in. 

·· groundwater. 

6.3.1.4 SWMU 21 · 

SWMU 21 is the former Nitrations Neutralization Basin 5Fc. This unit was used to treat 

. wastewater from the. Nitrations Proc~ss Area with. limestone. The unit wa.s an unHned earthen 

basin 30 ft by 30 ft. in area.: Depth is not knmNn·. Effluent was disch.arged to the main process• 

·trench.· 

Based on the RH exposure risk assessment, no further action is warranted at SWMU 21 based 

. on the calculated risks for industrial and construction worker scenarios. The comparison of soil . 

concentrations: to SSLs indicate a potential for COis to leach to groundwater at potentially 

unacceptable concentrations. 

6.3~1.5 SWMU 27 

SWMU 27 consists of two small areas, one located on the southeastern side of Block 27 and 

· the other on the western side of Block _ 17 .. Two releases have been recorded in Blocks 17 and · 

·· 27 from product pipelines. One release occurred . on January 16, ·1994 and consisted of 

approximately 400 pounds of benzene. Thei second release occurred• on. January 17, 1994 and · 

• consisted of approximately 15.0 pounds of benzene. The ~pilled material. was collected and: 

. contaminated soils were containerized and shipped offsite for proper disposal. . ,1 

• Based_ on the RFI expc,sure ris~ assessment, no further action is warranted at SWMU 27 based 

on .the calculated risks for.industrial and construction worker scenarios. _The comparison of soil 

concentrations to SSLs indicate a potential for COis to leach to groundwater at potentially. 
. . . 

unacceptable concentrations. 

6.3.1.6 MPA SWMUS / SWMU GROUPS TECHNOLOGIES FOR EVALUATION .. 

.. The technologies identified for MPA .. SWMUs that. remained after the screening step are 

•summarized in Table 5-23 and include thefolloW1ng: . 
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-~POTESTA--
JVIPA SWMU Jechn~logy S~reening ~~ri)m~ry- ' 

, - - ' , ' . - .. ~-. 
' t/edhnology 

. - . ·., ''' 

Institutional Controls -

Covers/Caps (Soil, pavement and/or synthetic membranes) . 

lri-situ Chemical Oxidation (ISCO) · 

In-situ Biological (ISB) [Aembic and/or Anaerobic] 

Chemical Flushing 

Soil Vapor Extraction (SVE) 

Enhanced SVE (ln~situ thermal desorption by resistance and/or RF heating) 

Ori-site Incineration (Bayer Facility) 

· _Off-site Incineration . 

Thermal Desorption 

Biopiles / Landfarming 

Soil Washing · 

Off-site Landfill 

.~ ·. -,_: '. 

Enhanced Site-wide Groundwater Containment arid Treatment 

Natural Attenuation 

_ Trenches and/or Recovery Wells (Perched water collecUon) 

. · ~ - Evaluated and eliminated from further consideration 

Some of the retained technologies were judged to be not applicable to SWMU 27 because. of its 

· relatively small size ( <300 sf) and · complete evaluations.-· were not performed .. These 

·· technologies are noted as such in the text. 

.: BayerMaterialScience_NewMart_CMSJuly2006.doc . 6-46 



) 

) 

. 6~3.2 INSTITUTIONAL CONTROLS . 

The evaluation of .Institutional Controls for ICs for MPA SWMUs is. analogous to the evaluation 

oflCs for SWMU Group A described in Section 6.2.1 Institutional Controls, ICs are curre.ntly 

, in place for MPA SWMUs and will be formalized. This technology will be carried forward to 
. . . ' 

Section i.o for .incorporation.in. site-wide. alternatives. The. engineering cost estimate st.inimary 

.. for·the ICs are presented in Table 6.3-1 . 

. . . 6.3.3: . CAPS/COVERS . 
. . . 

.• Cap/cover technology is very difficult to implement on most of the MPASWMUs because of on­

going operations, operating facilities and. structures, undergmund and overhead piping and . · · 

: communications links. Summarizing MPA SWMUs relative to th.e potential for Caps/Covers: 

.. o SWMU Group B (5 & 6): SWMU .5 (-10.5 acres) contains an equalization basin (-2 

. acres) and a rainwa_ter storage basin (- 2 acres). S\NM U 6 contains large .tanks (waste 

. water treatment plant clarifiers and biC):-C)Xidation tanks) .. 
. . . - . . . .. . .. _· ,· .· . ' ' . . - _· _- . . . . - .· .. . ·. ·. .. . . 

. o SWMU Group C (7, 8, 9 & 11 ): SWMUs 8, 9 and 11 are in open areas but are relatively 

· small, (100 - 400sf each), separate areas. SVVMU 7 is an appro~imateiy 4~~cre area that 

includes the incinerator facilities and the fuel oil storage tank area·. 

o · SWMU Group D (10, 12, 15 & 16): SWMU 10.is a long relatively narrow strip of land .. 

(2250 ft by 30ft) that is an in-filled former wastewater trench running through a major 

portion bf ttie operating facility . .In some:areas the beneath planUaeilities and structures. 

SWMU 12 is the former neutralization spill basin located within SWMU 10 and measures 

approximately 30 ft by 100 ft. SWMU 15 consists of two (small former basins 

(Neutralization and Settling Basins 5Fa) that have been backfilled. SWMU 16 is the 

former Neutralization Basin (5Fe) that has been backfilled and measur~s 12 ft by 12 ft. 

o. SWMU 21 is a former 30 ftby 30 ft. unlined earthen basin that was backfiUed in 1971. If 

is located in the northern section of Block 16. The presence of above.:ground piping, 

underground piping & utilities and two structures with process pipi~g and utilities over 

SWMU 21. makes capping impractical. 

o SWMU 27 consists -of two benzene spill areas- and is located .on the western .side of. · · 

Block 17 in an accessible area of the Site .. 

. • SWMU 27 is the only MPA SWMU where a cap/cover is feasibl~. The fcillowing .evaluation is for 

SWMUs 21 and 27 only. 

6.3.3; 1 DESCRIPTION 

The cap/cover Corrective Action technology for the MPA SWMU 27 has been assumed to 

. consist of the following for cost estimating purposes: . 

. . o. Sub-base soil to achieve minimum 2% grade (avg. 1 ft thick),. 
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· · ~POTESTA. 
· o •Engineered· soil or synthetic cap· 1 cover. Assumptions for- cos estimating purposes 

include: Geotextile base:(non..:woven), HOPE membrane (80-niil), geosynthetic drainage . · 

: net, final cover soH (2 ft thick) and vegetation; _ _ · _. _ . · - · -1- _,. - .. 

_ o_ Groundwater monitoring at the POC is assumed for cost esUmating purposes. 

- See Figure .3-2 for the SWMU / SW_MU Group locaUons. 

The evaluation of Caps/Covers is described in the following sections .. 

6.3.3.2 .•LONG-TERM EFFECTIVENESS{Moderate- 2) 

~ . -- Moderate improvement in meeting CAOs for Site Gro ndwater vs. current . 

operation of pump and treatment and containment of Site G oundwater. 

~- Would assist in_ further limiting . worker_ exposure _: potential _ to . _ subsurface 

contaminants. _ · - _ · _ · · - · I - · - . 

Effectiv~ness wiU be difficult to measure due to the historic ea-mingling of plumes . 

from otherSite SWMUs. 

6.3.3.3 · REDUCTION OF TOXICITY, MOBILITY OR VOLUME (Limited-0) 

};.- · No re.duction in toxicity or volume of waste (& COis) . 

-~ Mobility of the COis minimized through reduced leaching. · · 

6.3.3.4 SHORT-TERM EFFECTIVENESS (Limited - 0) 

.~- Increased potential for construction worker exposure during installation. 

6.3.3.5 IMPLEMENTABILITY (MODERATE - 1) 

~ Conventional technology. 

· \~ Some above ground structures . 

. );.>- · Underground piping and utilities that would be -covered by tlhe cap would need to 

be relocated for future ~ccess. 

6.3.3.6 COSTS (Low- 1) 

The engineering cost estimate summary. for the cap/cover Corrective . ction -technology is 

-presented in Table 6.3-2. Cost component assumptions for this technology include: 

o -- Construction management (@8% capital costs), 

· o Site grading to achieve min, 2% grade_ 

o .. Engineered_ .cap /_cover consisting of: Geotextile base_ (non-woven), HOPE _ 

membrane (80-mil), geosynthetic drainage net, . final cove soil (2 ft thick) and_ 

vegetation, 

o Lo~g-term O&M ~osts assumi_ng thirt~ (30) yea~s of p~M have also been: 

estimated for the 1mplementat1on of this Corrective A t1on technology: -
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APOTESTA.·· 
.6.3.3.7 ·coMMUNITY ACCEPTANCE(HIGH-2) 

~- . · No concerns or objections expected. 

6.3.3.8 STATE ACCEPTANCE (HIGH-2) 

};>- . No concerns or objections expected. 

. . . . 6.3.3.9 MAIN PLANTAREA SWMUs - CAPS/COVERS EVALUATIO SUMMARY. . 

... Caps/covers for MPA SWMU 27 were evaluated for the seven criteria anld were scored based 

. on the evaluation. The evaluation results are summarized below: 

B,C,D, 21 

27 

·.;· 1/) ' 

e'w .... ~· 
' 'Q) 'G) ' 
' ··+:. ->' 

Cl; '" s ~ .. / 
,. '·...1 tt::·' 

' w 

n/a · · n/a n/a . 
Moderate Limited Effective 

1 0 2 
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) ·. 6.3.4 CONTAINMENT BARRiERS~ SLURRY WALL . 

6.3.4.1 DESCRIPTION 
. . . - . . . . . . . 

) 

)< 

. ·· The purpose ofthese types of barriers is to contain the ccmtaminant/waste ·area, reduce lateral . 

· hydraulic loading, arid/or to reduced/eliminate the lateral migration poteri~ial of source materials. · · · .·· 

or dissolved phase constituents into the groundwater . 

. Currently, contaminated groundwater migration from the· MPA is contained by the site recovery·· 

well system (Ref.: MFG, 2003). The net effect of the barrier will be a re Liction in the total .site 

gro~ndwater pumping rate and the volume of groundwater to _be tre~ted ... 

The barrier technology evaluated for the MPA consists of a_ soil-bentonite. slurry wall jnstaUed to 
. " 

depths commensurate with the bottom of the alluvial aquifer (-50-60 ft- gs to bedrock) at the 

.. SWM Li or: ·swM u. Group. A slurry wall is expected t~ be more effective than a steel sheet wall . 

. based on a preliminary assessment of subsurface conditions atthe ~itJ_ See the Sheet Pile 

: Containment Barrier evaluation-for SWMU-Group A (Section 6.2:3). This !oncept is.designed to 

· isolate the _MPA and the associated groundwater. zone beneath the MPJl.. 

The·:slurry wall. is constructed by excavating· a trench that is filled with a bentonite slurry. The . · 

: slurry hydraulically supports the trench to prevent collapse ~nd forms a rn
1

ercake on the trench •.. · 

walls to reduce groundwater flow. The trench is backfilled with the exc9vation spoils that are 

· blended with additional bentonite to form th~ c~mplete barrier wall. If thsl excavated spoils are · ..... 

· not fre. e of· conta~inants; they. would not .be use~ble · for a trench· backrll. Clean fill rn~terial . . . 
: would need to be imported for backfill, and the spoils would be assumed to be taken offs1te for · · · · 

.· disposal at a RCRA Hazardous waste landfilL : . . . . . · . .. . · . . . .· . · .. : .•. · · 

The area. within SWMU Group B ·· requiring the: slurry wall barrier is estimated to cover . 

.• appro~lmately 10.5 acres and the wall length is estimated to be 2600 ft; T~e area within SWMU 

Group C requiring the slurry wall barrier is estimated to cover approximat ly 10.5 acres and the 

wall length is estimated to extend 1500 ft. The area within SWMU Group D requiring the slurry 

wall barrier is estimated to extend 4600 tt: 
For a maximum barrier depth of -60 feet, the wall could be const~ucted 

1

ith a larg~ excavator. 

These excavators have been used for trenches up to 100 feet m dept~. A working platform · 

approximately 50-100 feet wide is required for trench construction.The relatively flat topography 

: in the: MPA makes it possible to construclthe waH in a continuous tre~ch, Support facilities . 
~ .. 

would include water and bentonite storage systems, a slurry n,ix plant and a n,aterialsunloading 

area. These facilities would most likely be located in a temporary support zone cin top of the 

south landfiil. See Figure 3;.2 for the SWMU locations. · 

The evaluation of Containment Barriers is described in the following sectiorns. 
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~POTESTA·· 
. . . . . I 

6.3.4;2. MAIN PLANT SWMUs""" SLURRY·WALLEVALUATiON SUMMARY 

Slurry wall construction is impractical to implement within the MPA. 

.·~· SWMUs 21 and 27 are very small and nor candidates for a slurry wall · · ·· ·. ·. · ·· · 

SWMU. Group B ~-~nfains the·. Bayer Plant wastewater an~!. storm· water storage • 
. and treatment fac11lt1es. • . · .. · . . . · . . . . . • . . . .• 

SWMU Group C contains some smaller open SWMUs (8, 9 and 11). SWMU 7 is . 
. . . . 

a 4 acre area that includes the incinerator facilities and t~e fuel oil storage tank.. . . 

. . . . . 
ft. X30 ft.); arid SWMU 16 (12 ft. X 12 ft). . . ·. . . . . . ·. . ... · · . . . . 

SWMU Gmup D. contains an elongated former wastewJter. t~ench .(2250 LF .. 

running through the Plant (SWMU 10); SWMU 1.2 (10 ft. X 30 ft.); SWMU 15 10 

In addition, the costs for a slurry wall encompassing MPA SWMUs is very high. . The 

e~gineering cost· estimate summary for the slurry wall· containment barrier Corrective Action 

technology is presented in Table 6.3-3. . · · · . · · · · • . 
. . . 

B,C,D,21,27 n/a n/a 

. ·~-· .'.· E ·°". :· 

. 2 i . 
. ·· I > 

.. t:~ .· ·.o u ... 
.l:.(l) .. 

. Cl) If: . 
·W. 

n/a 
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6:3.5 · INs1ru CHEMiCAL oxi0Ar10N (ISCO) 

6.3:5.1 DESCRIPTION 

I 

. . . . . . . . . . . - . - . 
.. - . -- ·- . .. 

. . ' ' - . . . . . . . . . . 

: ~POTESTA 

' . . . . . . . 

In-situ chemical oxidation (ISCO) has been identified as a potential Corrective· Action technofogy . 

for the · MPA. Research indicates that oxidants such. as sodium . persi.Jlfate, . iron:..cataly:Zed .. · 

: hydrogen peroxide (Fenton's Reagent), and hydroxid~-catalyzed persulfate provide significant: 

reductions .in soil VOC and SVOC.constituents. 

: .T.he. ISCO .remediation approach for the. MPA. is based on inj~ction of liquid chemical oxidant . 

solution using activated (i.e. yia catalyst) sodium persulfate .. Multiple successive injection events 
' . . . . . . . . . . . . - . ·. . ' . . . . . 

(i.e. two (2) events) were assumed to improve the dispersion of the ISCO material through the 
' . 

. treatment zone. Direct:.push injection methods ·will be used: Generaidesign parameters are as 
follows:· 

o ·· Treatment zone is approximately 5 to 15 ft-bgs over the MPA. Total area for the MPA to 
be addressed is approximateiy 9-acres (not induding tanks and buildings) .. See ISCO 

. area in Figure 3-2; 

. . o Direct push ISCO injection point spacing .is on 10 ft centers ( 1/100 sf); · 

o Oxidant dosing at 0.5:1.0 % (5-10 g/kg soil, on a dry weight basis) .. Total oxidant 

propqsed is estimated at 0.5% dry weight of soil, which equatesto approximately 1000 . 

tons at SWMU Group B; 420 to_ns at SWMU Group C; 310 tons at SWMU Group D, 17. 

tons at SWMU 21, and 4 tons at SWMU 2?: 

o Sodium persulfate pricing is assu~ed ~t $1.20/lb, ~ith the materiai bei~g delivered to the .. 

. site in supersacks; 

· o Catalyst concentration is approximately 200 mg/I as·Fe+2.;EDTA; 

· o .· Oxidant injection is approximately 250 kg/boring/event; and 

o Twci oxidant injections per boring in successive events, with the. second event to follow . . 

shortly after the evaluati.on .of the Phase. I monitoring. 

o Pilot-scale field tests over a sub area of the subject SWMU (minimum400 sf) to assess 

. oxidantdelivery methods, dosage and treatabjlity. 

Bench-scale testing is recommended.to determine the treatability of soils _containing_TDI residue .. 

material. 

. 6.3.5.2 APPLICATION TO MPA SWMUs 

Appncations concerns and issues for ISCO technology in MPA are as follows: 

}., · "The two . most critical success factors in . all• ISCO ·projects. are the effective 

distribution of reagents in the treatment zone arid the reactivity· of a particular . · 

oxidant with the contamination presenf This combination requires car~ful site. 
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characterizations, screening • and· feasibility testing. · Failure to account · for 

subsurface heterogeneities or preferential flow paths can cause an uneven 

distribution ·of the oxidant, resulting in pockets of untreated contaminants .... Low-. · 
. . . . . . . . . . . . . . . 

permeable soils and subsurface heterogeneity offer a challenge · for the 

distribution of injected fluids" (Technical and Regulatory . Guidance for lri Situ 

Chemical Oxidation of Contaminated Soil and Groundwater; Second . Edition, 

January 2005; prepared by the ITRC). · 

~ . ·. .1sco technology utilizes strong, non-selective oxidants in the unsaturated and . 

sat.urated zones. . Any area that contains .structural fill. composed _of organic 

components (such as TOI residues and other wastes) is not a candidate for this. 

technology on a wide scale because of the potential for structural degradation.· 

SMWU Group B · (SWMUs 4 & 5) contains significant TDI residues: · ISCO 

requires close spacing of injE)ction points. ar1d multiple injections. Active 

operating areas, such as the SWMU Grnup B lagoons and basins, are not good 

candidates. Therefore, SWMU Group B is not considered a candidate for ISCO. 

Becayse ISCO is not a selective _oxidation process, very high dosages may be 

required fri some ar~as with mixed wastes before the target COi is· affected. 

-~- In any mixed waste area, there is a potential for by-products with equal or worse• .. 

characteristics than the target COis may exhibit. 

~- Bench and pilot scale studies are required prior to wide-scale Lise; 

:The MPA(exclusive 6f SWMU Group B) exhibits generally similar chemicalcharacteristics with 

• respect to VOC and SVOC constituen~s that may make them amenable for ISCO technology. 

The dominant compounds, based on their concentration .in soils and their potential for leaching 

. to .gr.oundwater, are the nitroaromatics, TOA and VOCs benzene and chlorobenzene. 

SWMU Group C COis: 

~ VQCs- b~:mzene, chlorobenzene . toluene (aH in SWMU 8 only) and 

trichloroethylene 

--~ SVOCs- 1,2- dichlorobenzene, 1,4- dichlorobenzene, 2,4- dinifrotoluene, 2,6- · 

dinitrotoluene, phenol and p-ctiloroaniline. 

SWMU Group D COis: 

~ SWMU 10: VOCs 1, 1- DCE, SVO~s 2,4-dinitrotoluene and 2,6-dinitrotoluene 

~ SWMU 12: benzene, chloroberizene, toluene, nitrobenzene, dichlorobenzenes, 

p..:chloroaniline. · 
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~POTESTA.• 
.· SWMU 21 COis: . 

' '' ~· \/bes~ benzene and.toluene· 

};,, SVOCs- · nifroberizene, · 2,4- diniti-otoluene, ·· 2,6-· dinitrotoluene; · and p- · 

chloroaniline. ·· 

SWMU27COIs: . 

~· voes- ben'zene, toluene and TCE · 

· .. )> SVOCs:- nitrobenzene, : 2,4- dinitrotoluene, 2,6- dinitrotoluene, and bis (2-: 

chloroethyl), ether .. 

Tiered Technology Demonstrations (TTD) 

Because of the uncertainties in the effectiveness and implementation of ISCO within. the MPA, it 

· is. recommended that a tiered technology dem.onstration program be implemented to evaluate · 
. . . . - . . . 

the feasibility·· of. ISCO remediation at ttie Site. · This program· would . irivoive a series of 
. . . . . . . 

technology demonstrations . to test . whether ' . hot spot ' removal . reduces groundwater . 

contamination at selected SWMU hotspot areas throughout the MPA that best represent site 

conditions. The proposed program includes the following: .. 

o : Up to four ( 4). demonstration areas in the MPA conducted over a total 5 to 10-year 

period. 

.o · Each area would involve an ISCO pilot test, nominal 10;000 ft2 area, .in ;elected SWMU · 
. . - . . . - ; -

. areas throughout the plant that are most prcictically representative <Jf Site conditions. 

The proposed test areas includeSWMU 27, SWMU 21 and (2) other SWMU "hot spots". 

o ·· Future· 1sco actions, including potential full-scale applications in the MPA; would be 

based on the' results of the technology demonstrations. 

Implementation of the technology demonstration program would provide site-specific data on 

. the· feasibility of. ISCO at the site, and': would also· provide des.ign ·data· for estimating oxidant . · · 

· suitability, optimum dosage rates, application methods, and monitoring protocols. . · 
. . . . - . - . . . . . . ' 

. The tiered technology. demonstration program is proposed as an .alternative approach. to full­

scale implementation of ISCO within the MPA The first step in. the tiered approach is bench . . . . . . . . . . . . . - . . . - - . . . . . . . . . . 

testing to determine whether all target contaminants are compatible with the selected oxidarit. 

· As such; costs for the ISCO demonstration program are independent of the full-scale ISCO · . 

costs for the CMS. The full:..scale ISCO costs estimates are not provided herein due to the 

associated uncertainties>Site Corrective Measures ttiatwill include ISCO willbe proposed with : 

· the Uered technology d.emonstration. program and the costs will. be included for the. scope of .the· 

demonstration progrc1m as described herein .. · 

The evaluation of ISCO is described. in the. following. sections .. 
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6.3~5.3. LONG-TERM EFFECTIVENESS (Moderate""'" 1) 

»- Potentially effective for groundwater and· soils with organic· contaminants Care . 

must be taken . in the design and installation . of these systems to minimize 

unintended effects such as generation of excessive heat and off-gases. 

Heterogeneous nature of the subsurface materials in some of the MPA SWMUs · 

raises the concern for potential fill degradation leading to :structuralissues .. 

»- · Multiple injection actions may be required 

»- · Potential for alternative COis to be produced. · 
. . . . . . 

6.3~5.4 REDUCTION OF TOXICITY, MOBILITY OR VOLUME (Moderate - 1) 
. . . . ' . ' 

»-· · · ISCO is ··effective · in · reducing toxicity, mobility and volume of organic 

contaminants.·· 

»-.. . Limited demonstrated field applic:ations for nitroaromatic compounds. 

6.3.5.5 SHORT-TERM EFFECTIVENESS (Moderate -1) 

»- . · Contaminant reductions are obtained in relatively:short amount time . ·. 

»- Precautions required to prevent exposure of the. strong. oxidizing reagents to 

workers. 

Precautions required to minimize potential oxidation-induced .effects such as the 

generation of excessive heat and. off-gases. 

6.3.5.6 IMPLEMENTABILITY (Difficult:... 0). 

»- . Operating site with multiple interferences (tanks, buildings, piping): in MPA f~r 

insitu•technologies such as ISCO 

.. »-. · .. The heterogeneous and. low permeability riature · of the subsurface materials . · 
. . . . . . . . 

would require a large number of injection points to complete the remediation and 

presents a technical challenge .for efficient distribution of reagents ... 

6.3 .. 5.7 COSTS (High -0). 

The engineering cost estimate summary for the. ISCO Corrective Action technology, as tiered 

technology demonstrations, is presented in Table 6.3-4. · 

CAPITAL 

rnrect and indirect. capital costs have been estimated for the implementation of this . 

Corrective Action technology. Major cost components for: this technology include: 

o Engineering(@ 12.5o/o capital costs); 

o .• Construction management(@ 8% capital costs), 
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o Direct push· ,sc.o injection point spacing is on 20 ft centers (1/400 ft2

) for SWMU .. · 

Groups C, D and SWMUs 21 and 27, Oxidant dosing at 0.5:-1.0 % (5-10 g/kg soil, 

on a dry weight basis), 

o . Tota.I oxidant proposed is approximately 1000 tons (0.5%. dry weight). Sodium 

persulfate pricing is assumed at $1.20/lb (2006· US$), with the material being · 

delivered to the site in supersacks, and 

o Four (4) new monitoring wells in the alluvial aquifer at the POC . 

. OPERATION AND MAINTENANCE 

Lc:ing-term O&M costs assuming thirty (30) years of O&M have also been estimated for . ·. 

• the implementation of this Corrective Action technology, because the groundwater at the 

Site will likely rnmain. impacted for a period. of time following. the completion of the ISCO 

freatment. Groundwater monitoring would need to be completed both in and around the.· 

·· test SWMUs to evaluate the effectiveness of the ISCO treatment and the potential long..: 

term impact on Site-wide Groundwater ... Perform·ance monitoring is estimated for a 5-

.• year period ... 

o Annual groundwater monitoring (VOCs, SVOCs, metals), 

o · Annual data evaluation and reporting,. 

o Monitoring well replacement(20%/5 years); · 

o · ·Recovery well operation and perched water collection for 5 years (@5% capital· 

costs/year) are required. Costs are addressed in Section 6~5. arid · 

o Groundwater treatments for 5 years (@$1.00/1000 gallons) are required. Costs. 

are addressed in Section 6.5. 

6.3.5.8 · COMMUNITY ACCEPTANCE (High - 2) 

> No concerns expected. 

6.3:5.9 . STATE ACCEPTANCE (Moderate...,.. 1) 

~. May also require .the procurement of a Class V UIC Permit-by:-Rule. 

~ Must demons~rate both the effective of ISCO in addressing the COis and that no 

other contaminants are formed. 

6.3.5.10 MAIN PLANT AREA SWMUs - INSITU CHEMICAL OXIDATION . 
EVALUATiON SUMMARY 

. ISCO was. evaluated for the seven criteiia. and were• scored . based on the evaluation: The ·. 

· evaluation results are summarized below: 
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6:3.6 IN;.SITU BiOLOGICAL TREATMENT {ISB) . 
. I 

6.3.6.1 DESCRIPTION 

In-situ biological treatment (ISB) has been identified as a potential Corrective Action technology 

for the. MPA. The MPA exhibit generally ·similar che=mical characteristics with respect to VOC .. 

and SVOC. constituents.· The dominant compe>unds, based· on their .concentration in soils and 

. their potential for leaching to groundwater, are t_he nitroaromatics, TOA and VOCs benzene_ and . 

· chlorobenzene. Metals. cadmium, chromium and nickel. were also present abov.e SSLs in some· 

of the swMUs. 

· The selected biotechnology would involve anaerobic in-situ treatment using an enhanced · 

process to create a. reducing environment for indigenous microorganisms. In effect; a carbon 

· source is injected into the ·gtoundwater aquifer that provides an energy source for indigenous . · · 

microorganisms. As carpon is consumed, oxygen is depleted · .until the . system becomes 
- -- . ~ . . . . . . .. .. - - -- - . 

anaerobic allowing anaerobic fermentation that produces hydrogen gas. The hydrogen gas is . . . 

consumed in . competing. reactions. - reduction of electron acceptors and reduction of 

nitroaroinatics; . 

Hydrogen. donor materials are commercially · available to facilitate and induce the in-situ 

anaerobic biodegr'adation of chlorinated hydrocarbons. Both agents have had many 

deployments for this type of in-situ· treatment. Recently,· the U.S: Army Corps of Engineers 

(USAGE) conducted a field treatability study aUhe former West Virginia Army Ordnance .Works 

in Point Pleasant, WV on nitroaromatic impacted. soils .. The USA CE .concluded. that the use of ... 

this Corrective Action technology provided a cost-effective means of treating the soils at this 

site. 

Bench-scale and pilot studies of explosives-contaminated groundwater treatment by reductive 

biotransformation have been performed at the U.S. Army.Pueblo Chemical Depot in Colorado. 

Contaminants with· similarities to the Bayer · site COis · included •dinitrbtoluenes •(ONT), 

trinitrobenzenes (TNB) and trinitrotoluenes (TNT). P+. proprietary hydrogen donor material 

(Regenesis HRC) was used to_ treat gmundwater containing the explosives constituents. The. 

results of the lab studies showed that . >95% reductions were obtained for most · of the 

·constituents. in less than . 30 days .. Pilot studies indicated that site-specific action levels were 

· achieved for all compounds within 106 days. Additionally, biodegradation by-products: including 

nitrates, were not found to accumulate in groundwater,· -and were also removed. by the 

treatment. 

The .ISB remegiation approach for the MPA is based on injection of solubilized hydrogen donor 

materials. using. a commercially available product. A single. injection event was assumed for cost 

estimating purposes, but multiple successive injection events may be required to improve the 

dispersion of the ISB material through the treatment zone. Direct-push injection·methods will be 
. . 

used. General design parameters ·are as follows:· 
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c . Treatment zone is approximately 5 to 15 ft-bgs over an area of approximately 9-acres 

(not including tanks and buildings). See ISB area. in Figure 3-2; 

o • Direct push .ISB injection point spacing is on 10 ft centers (1/100.sf);. 

o ISB dosing at between 82 and 820 .lbs of hydrogen donor material per cubic yard of soil . 

(2-20%, . by .. weight). Further• quantificaUon . of.· actual. · dosing · quantities will be . 

. accomplished following the cornpletion of treatability testing: For the. purposes of cost 

estimating the low .end value of 2% (4000 tons) will be assumed; • . 

o .. ISB donor material pricing is assumed at $2.00/lb, with the material being delivered to 

the site; and 

o ·· Treatability testing will be required to determine the most appropriate dosing level arid 

·• . these costs are estimated at approximately $15,000. 

Remediation performance monitoring will be required for baseline and post-treatment conditions 

within the~ treatment zone soils and local perched water. Monitoring is proposed following the . 

injection event. 

It is assumed that the Site-wide Groundwater pumping,. containment and treatment system will 

. · remain · in . operation . ·during. the implementation and . performance monitoring period. · 

Groundwater recovery and treatment are described in Section 6.5 and their associated capital 
. . 

. costs are not included in this technology cost. 

• Caps/covers are not assumed to be used in conjunction with ISB since . the intent of the . 

. treatment is waste. constituent destruction. 

· TieredTechnology Demonstrations (TTD) · 

Because of the uricertairities in the effectiveness and implementation of ISB within the MPA, it is · 

recommended that ISB be evaluated for incorporation into a tiered technology demonstration. 

program to determine the feasibility of ISB remediation at the Site. This program would involve a 

technology demonstration test at selected MPA SWMU hotspot areas. It is. proposed that the 

.. TTD program be conducted as following: 

· o The proposed potential test area is SWMU 27. 

0 The test area to involve - 10,000 ft2 area within SWMU 27. 

Implementation of the TTD would provide site-specific data on the feasibjlity of ISB at the site, . 

. and would also provide design data for estimating oxidant. suitability,. optimum dosage. rates, 

application methods, and monitoring protocols. 

· The TTD is proposed as an alternative approach to full-scale irnplementatiori of ISB within the 

MPA . Costs for the ISB TTD have been developed (Table 6.3~5). Full-scale ISB costs · 

) . estimates cannot be determined with any degree of certainty. Site Corrective Measures . 
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.. alternatives that may include ISB · will be proposed· as TTD · and the ·costs associated with the 

TTDwill be included.· 

. The. evaluation of_lSB TTD is described in the following sections, 

• 6.3.6.2 LONG~ TERM EFFECTIVENESS (Effective "'.'" 2) 

>· Effective Corrective Action · technology for • both soil and ·. groundwater 

contaminated by organic constituents similar to the Bayer site. ·. Expected to .. 

provide for long-term effectiveness. by breaking down. the COis to less toxic by-. 

products. 
• e 

> Bench-scale treatability and/or pilot-scale studies within the MPA are required to. 

facilitate the appropriate design, and confirm the most feasible ISB dosage arid . 

delivery method for the site conditions. · 

6.3.6.3 REDUCTION OF TOXICITY, MOBILITY OR VOLUME(Effect1ve--' 2) 

>·. · ISB would destroy the COis ·• with the expectations that leaching· of COis to 
groundwater would .be reduced. 

.. > Field pilot testing and. performance monitoring under site -subsurface conditions 

will provide data for reasonable· predictions of groundwater. improvement and 

associated costs. 

6.3.6.4 SHORT.;TERM EFFECTIVENESS (Moderate - 1) 
. . . . . . 

> The biological degradation· process occurs over a loriger Ume frame than other 

. more aggressive technologies ... 

-> . More discriminating approach with respect to destruction-• of the target 

·· compounds exclusively vs: more aggressive oxidative technologies:· 

6.3.6~5 IMPLEMENTABILITY (MODERATE - 1). · 

· ~ · Multiple injection actions may be required to assure treatment of the eritire MPA 

to acceptable levels 

.. > Heterogeneous nature of the soils requirl3s a tightly. spaced injection grid to 

effectively deliver the ISB materials to the soil matrix 

> . Presence of . above-ground .· structures . and underground.. lines _adds to 

implementation difficulties. 

> Potential for fill structural degradation as a · result of TOI breakdown by 

. . .. biodegradatiori will need to be considered and. assessed . in the bench-scale 

testing. 

> ·. . · Injection would be .primarily into the unsaturated zone,. and sufficient· liquid 

dispersion throughout the soil matrix would be required to distribute the hydmgen 
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donor material. Supplemental soil fracturing may be used to increase the_ 

distribution of donor liquids in the subsurface soils. 

Operating facilities (tanks, buildings, piping) will limit access tbsome areas. 

6.3.6.6 COSTS (Low ,.... 1) 

The engineering cost estiniate _ summary for the_ ISB _ Corrective Action technology as a TTD is -

presE3nted in Table 6.3a5. 

6.3.6.7 COMMUNITY ACCEPTANCE (High - 2) 

~ No co11cerns expected. 

6.3.6.8 STATE ACCEPTANCE (High - 2) -

~ Acceptance ofTTD expected. 

~ May require the procurement of a Class V UIC Permit-by-Rule 

6.3.6.9 MAIN PLANT AREA SWMUs - IN- ITU BIOLOGICAL (ISB) TREATMENT 
EVALUATION SUMMARY 

ISB was evaluated for the seven criteria and were -- scored based on the evaluation.· The 

evaluation results are summarized below: 
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6~3.7. ON-SITE INCINERATI0N(BAYER FACILITY). 

6.3~7.1 · DESCRIPTION 

See Section 6.2.9.1 for descriptions of site incineration facilities and limitations:-

. Based on site incineration facilities design, capacity, incinerator availability and operational·· 

· . encumbrances,. on:-site incineration is infeasible for _all MPA SWMLls with 1he exc$ption of 

. SWMU27(800 tons). 

-~. Bayer incinerator lacks.a mechanism.to feed soHds" .. 

-~ The large volume of waste material to be.processed, approximately 392,000 tons.would · 

• take a total processing Ume of >100 years at 100% operations ... SWMU 21 is also . 

exciuded from furthe~ consideration because of high "'1'astevolu~es (6500tons). 
. . . . . . ' 

~ Excavation of MPA SWMU Groups A, B and C, · excluding SWMU 27, is impractical 

b~~ause of o~-going operations and I or the presence of. plant process. basins and 

• structural facilities. 
. . . . . . . . . . . . . . . . . . . 

.. The results of the evaluation of on-site incineration for SWMU 27 follow: . 

6.3.7.2. "LONG-TERM EFi=EC!IVENESS (Effective - 2) 

~ Removal is effective in meeting CAOs. . 

6.3.7.3 REDUCTION OF_ TOXICITY, MOBILITY OR VOLUME (Effective~ 2) .. 

.. ~ .. Source of potential leaching of COis fo groundwater is removed .•. 

_6.3.7.4 ·SHORT-TERM EFFECTIVENESS (Moderate - 1) 

~ · Removal over a relatively short period of time is expected. 

_6.3.7.5 ·IMPLEMENTABILITY (Difficult- 0) 

~ -• Moderately difficult for SWMU 27 based on. limited capacity of site incineration. _ 
. . . . ' . .. . . . .. . . . .. . .. . 

~ At an estimated 50% of available capacity, processing of the SWMU 27 soils will 

-•take approximately 1•year: · 

6~3. 7.6 Costs (Moderate ...:. 1) . · 
. . 

. . 

· SWM U 27 . has· been . estimated · for the on-site incineration· technology:· The engineering cost 

. estimate summary is presented Table 6.3-6. -• 

. 6.3.7.7 COMMUNITYACCEPTANCE (Low-0) · 

})- · Concerns · expected .. to · permit additional on-site incineration· capacity for 

· hazardous wastes. · 

6.3.7.8 STATE ACCEPTANCE (Moderate - 1) 

Acceptance _of TTD expected .. 
.. 
Incineration and air permit modifications required. 
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.:6.3.7.9. MAIN PLANT AREA SWMUs- ON-SITE INCINERATION 

On-site incineration was evaluated for the seven criteria and was scored based on the 

evaluation. The evaluation results are summarized below: 
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6.3.8 _ INCINERATION (OFF-SITE) 
' ' 

See Section 6.2.10 Incineration - Off site (SWMU Group A) for discussion on commercial 

offsite incineration capacity~' 

-Based on site operational related facility constraints and waste volumes vs .. commercial 

availability, off-site incineration is infeasible for all MPA SWMUs with the exception of SWMU 21-· · 

_ (6500 tons) and· SWMU 27 (800 tons). Based on a typical RCRAincineration cost of $300/ton, 

incineration alone would cost an estimated $115,000,000. Significant additional costs wou_ld be 

incurred for excavation, was{e preparation, transportation and sit€} re_storation. This technology 

· has been eliminated from further consideration for S~MU Groups B, C and D because of the 

-
1 

relatively high costs conipared to other technologies. 

• The evaluation of Off-Site Incineration for SWMUs 21 and 27 follows. 
. . ' ) . . 

6.3.8.1 · LONG-TERM EFFECTIVENESS (Effective -2) . · 
. . . . . . . - . . . . !. 

};>- Removal of the source of COis eliminates the potential to leach to groundwater 

6.3.8.2 REDUCTION OF TOXICITY, MOBILITY OR VOLUME (Effective -2) ·-

};,- Effective in reduction of toxicity, mobility, and volume of COis -:- eliminating the -

potential for COis to leach to groundwater: · 

6.3.8.3 SHORT-TERM EFFECTIVENESS (Moderate...:.1) 

};>- · Off-site transportation issues will· present ·potential exposures to operators and 

the -community 

};>- - Commercial Incineration: capacity will allow a target implementation schedule of< 

5years. 

6.3.8.4 _ IMPLEMENTABILITY (Moderate -:-1) 

};>- Difficult for SWMU 21 because of contiguous plant operating facilities. 

};>- Moderately difficult for SWMU 27. The depth of excavation would be relatively -

shallow -15ft-bgs, and would be. maintained above the water table. Plant facilities 

and process piping within and adjoining the SWMU 27 area are limited. 

6.3.8~5 COSTS (High ~o) 
--

. SWMUs · 21 and 27 have been estimated for this technology. The engineering cost estimate 

summary is presented Table 6;3-7. ·. 

6.3:8.6 COMMUNITY ACCEPTANCE (Moderate-1) 

};,- -Concerns expected based on local impacts from waste hauling over an extended 

period (> 1 year). For a typical highway load of 15 tons, a total of approximately -

40 truckloads p~r month would b.e required, · 
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6.3.8.7. STATE ACCEPTANCE (High ~2). 

;I;>- State/agency acceptance is expected.-• 

6.3.8.8 MAIN PLANT AREA SWMUs -OFF-SITE INCINERATION EVALUATION SUMMARY 

Off-site · incineration was . evaluated for the seven criteria · and was . scored . based .on the 

evaluation. The evaluation results are summarized below: 
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6.3.9 OFF-SITE LANDFILLING 

6.3.9.1 -DESCRIPTION 

JDOT· EtT,ll -- - Ar\ • : J ~ff: 

Off-'site laridfillirig is a potentially applicable ex-situ Corrective Action technology for the MPA 
. . . 

SWMUs. RCRAcommercial waste disposal facilities are anticipated for disposal. ·. 
. . . 

See Section 6.2;11.1 Off-Site Landfilling (SWMU -Group A) for a discussioffon commercial off- -

_ site hazardous landfill capacity availability. -
. . . . . . . . . . . . 

Based on site operational -related · facility• constraints · and waste volumes vs. commercial 

availability, off-site landfilling is •infeasible tor an MPA SWMUs with the exception of SWMU 21 -· -· 

. (6500 tons) and SWMU 27 (800 tons). In addition, based on a typical RCRA landfill cost of _ 

$150/ton, landfilling of hazardous wastes (RCRA~listed) would cost an estimated $57,750,000 

for the 390,000 tons of waste in MPA SWMU Groups B, C and D. Significant additional costs . . . . . . . 

: would. be incurred for excavation, waste preparation, ·orisite. treatment; transportation and site . 

. restoration. This technology has been eliminated from further consideration for SWMU Groups 

• B, C and D_ becaus~ of the rela~ively high costs compared to other technologies.; . 

. The evaluation of Off-Site Landfilling forSWMUs 21 and 27.follows. · 

Et3.9.2 LONG-TERM EFFECTIVENESS (Effective•-2) • · 

}.>· . · · Very effective since source of the COis is removed from the Site. 
. . . . . . . . . 

6.3.9.3 REDUCTION OF TOXICITY, MOBILITY OR VOLUME (Effective -'-2) .• -

}.> Removal- of- the COis is effective in reducing toxicity, mobility and voiume arid 

thereby reduce the potential for COi_ ieaching to groundwater. 

· 6.3.9.4 SHORT-TERM EFFECTIVENESS (Moderate -1) 

}.> _ · Commercial disposal capacity availability is critical tci removal and is exp~cted to_ 

be limiting removal rates. __ . 

~ For an estimated 1 year period to remove the material from SWMUs 21 and 27. 

(totaling 7300 tohs ), the average waste removal rate wo1..dd be approximately 150 

---~ 

• tons per week. During: this time . there would be an increased potential for 

environmental releases, exposure to the community • ahd . exposure • to site · 

.. workers. 

~.3.9.5 IMi:>LEMENTABILITY (Mo~erate -1) -

.• }.>. SWMU 21 has operations related encumbrances and excavation concerns. -

}.> SWMU 27 is more open and easier to excavate from an operations concern easy _ . 
. . . . . . . ' . . . . 

to implement. _-

6~3.9.6 COSTS (High -0) 

) . .. SWMUs 21 and 27 have been estimated for this technology - see Table 6.3-8 .. 
. -• 
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6;3.9. 7 COMMUNITY ACCEPTANCE (Moderate -' 1) · 

>" Some community concerns expected based on local impacts from Waste hauling 

over an extended period and the potential for exposure to the con,munity. 

6.3.9.8 STATE ACCEPTANCE (High -2) 

>" . State/agency acceptance is expected .. 

6.3.9.9 MAIN PLANT AREA SWMUS...,. OFFSITE LANDFILLING EVALUATION SUMMARY 

. Offsite landfilling was evaluated for theseven criteria and was scored based on the_evaluation .. 

. The evaluation results are summarized below: 

B,C,D n/a 
Effective 

21, 27. 2 

n/a 
Effective 

2 

.· .'..t···i. .. :s ... 
.fl ·c:. 
CJ.I· 
E 
<l 

-E 
' - .~--

n/a n/a 
Moderate . Moderate 

1 · 1 
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6.~.10 CORRECTIVE MEASURES ALTERNATIVE RANKING SUMMARV-MPA SWMUS 

Tabl~ 6.3-9 presents a summary of the non-discounted direct/indirect capital costs, O&M 
. . . . .. . . . .. . .. . . . 

· (annual) costs, and associated periodic costs for each of the evaluated Corrective Action 

technologies for MPA SWMUsfor comparative purposes. Table 6.3a10 presents a summary of 

the present value calculations for the evaluated Corrective_ Action technologies for MPA 

SWMUs._ 

The table below summarizes MPA technologies carried forward to Section 7.0 for incorporation _ 

into Site Corrective Measures Alternatives. 

SecUon 6.3 'M PA SV\(MU Technology Evaluatio~ .Results ·summary 
Technolqgy SWMU Specific Application · 

Institutional. Controls · , .. _ . ·_ ·. -~ -;REltainiiif: -·· -. . . _ · 
Covers/Caps (Soil, pavement and/or synthetic membranes) 

Containment Barriers (Sheet piles, slurry walls, synthetic membranes) 

Pa.ssiite ir:eatm~nt Walls [Ve1tfoat walls construc·ted by trenching andloi)njectio'!.] 
Zero-valent iron (ZVI). 

Biosparging 

-! n-Si(u 't/eatmeni 
In-situ Chemical Oxidation (ISCO) 

': 

,, Retained TfD,[Groups C:&,DJ,,, . .- ..• 
; - [SWMUs·-:t1 ;· 27] : ' · .. , · 

In-situ Biological (ISB) [Aerobic and/or Anaerobic] 

Chemical Flushing 

Soil Vapor Extraction (SVE) 

Enhanced SVE (In-situ thermal desorption by resistance and/or RF heating) 

_ Stabilization 
·-

Ex_ Situ Treatmen't!Disp_osal f4ssvmes temdv'_al by exc_avation and/or pumping] 

On-site Incineration (Bayer Facility) ·= · Retai.ried'SW!)/iu 2't 
Off-site Incineration 'R~tained SWMUs 21, 21·. <.· , · · 

I • • ' • • ·, ,. ' • • • ~ .,' • 

-Thermal Desorption 

Biopiles / Landfarming 

· Soil Washing 

Off-site Landfill 

Grouf1dwater Treatment 
Enhanced Site-wide Groundwater Containment and Treatment ~ ,, r'•. : 

", I 'I, 

Natural Attenuation 

Trenches and/or Recovery Wells (Perched water collection) ·-

-, 

·R- Evaluated and eliminated from further.consideration 
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6.4 SITE•WIDE GROUNDWATER · 

The alluvial aquifer is described in detail in Section 3.0, Summary of Current Conditions, and 

other reports referenced. in that section of the CMS: 
C 

. ·. 6.4.1 CAOS FORSITE·WIDE GROUNDWATER 

• The RFI and ~ite.:spe~ifiG risk assessment concluded the following. w.ith . respect to Site-wide 

Groundwater: 

> . Site-wide Groundwater contains COis in excess of their respective MCLs. 

).. Site-wide Groundwater does not . repres.ent .• a current . .risk to human. health or the 

environment. 

> ·· Current Corrective Measure - pump and treat for Site-wide· Groundwater,. provides· 

hydraulic containment of the COi plume,· preventing the off-site migration of dissolved · 

.• phase COis. · 

> Site-Wide·· Groundwater should be ·• addres·sed · in ·· a.· CMS to · evaluate available . · 

technologies to expedite groundwater restoration .. · 

The Site-wide Groundwater CAOs as discussed in Section 4.0 are as follows: 

> .. Prevent unacceptable human exposures to recovered contaminated groundwater, 

· > Maintain current groundwater recovery well system operation for groundwater collection 

.• and plume hydraulic containmentwithinJhe Siteboundary, and 

> Provide. for the conUnued control of. potential off-site . migration ·• of contaminated 

. groundwater to a level that is protective of surface water quality .. 

> Implement reasonable efforts to eliminate or mitigate further releases of contaminants 

. from Site SWMUs (using the site boundary as the point of compHance). 

> . Reduction of contaminant levels, as practicable, over time .. to support reasonably 

expected use. 

6.4.2 MEDIA· SPECIFIC CLEANUP GOALS 
- . . . . . 

Specific goals for .Site-wide Groundwater were discuss(;'}d in detail in .Section 4.1 · Media 

·· Specific Cleanup Goals.· Summarizing from Section 4; 1: · 
' . . . .. . - .. . .. . . .. . . . .. . .... 

The proposed '.'media cleanup level" for Site groundwater is as follows: 

~ ·· Site related COi concentrations s their respective MCL and WV Surface Water · Quality 

Standard at the POC (Site Boundary) .. 

· When containrnent·is part of the final remedy, facilities·and regulators should develop systems 

· to · monitor · the effectiveness of the containment (Handbook of· Groundwater Protection and . · · 

) • • .• Cleanup Policies for R.CRA Corrective Action, Final Cleanup Goals; pg. 4.6) .. · Therefore, the· 
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following criteria are proposed as measures of effectiveness of the containment element of the 

. Final Remedy: 

~ Periodic confirmation that no Site related COis have reached the drinking water wells 

of any potential receptors. 

~ . Periodic documentation of an inward gradient for the alluvial aquifer at the Site 

boundary. 

6.4.3 SITE-WIDE GROUNDWATER TECHNOLOGIES FOR EVALUATION. 
. . . . . . . . . . 

The technologies identified for Site-wide Groundwater that remained after the screening step 

are summarized in Table 5-24 and are summarized below: 

· Site-Wide Groundwater - Improvement Technology Screening Summary 

Technology Screening Resuli' 
., .. 

Institutional Controls ·' Retai.nea 
Covers/Caps (Soil, pavement and/or synthetic membranes) 

ContainmentBarriers ( slurry wall) . · Retained . , 
., 

· Passive Treatment Walls [Vertical walls constructed by trenching. and/or injection.] 

Zero-valent iron (ZVI) 

Biosparging 

./.n-Situ Treatment -
In-situ Chemical Oxidation (ISCO) 

· In-situ Biological (ISB) [Aerobic and/or Anaerobic]. Retained 
'• ,, 

' ,, . --
Chemical Flushing 

Soil Vapor Extraction (SVE) 

Enhanced SVE (In-situ thermal desorption by resistance and/or RF heating) 

Stabilization 

Ex Situ Treatment/Disposal [Assumes removal by excavation and/or pumping] . 

On-site Incineration (Bayer Facility) 

Off-site Incineration 

· Thermal Desorption 

Biopiles / Landfarming 

Soil Washing 

Off-site Landfill 

, Groundwater Treatment 
. ' . , 

-· 
·Retained.· Enhanced Site-wide Groundwater Containment and Treatment '. 

. " 
.., 

Natural Attenuation · 

Trenches and/or recovery wells -:- SWMU Group A Perched water Collection 
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Each of.these technologies has been evaluated using the s·everi G7) criteria previously described 

in Section 6; 1. Following the completion of the detailed evaluation, the individual Corrective 

AcUon technologies were ranked by assigning a numeric factor to the criteria to obtain an overall .. 

.. evaluation score for the. technology. Final recommendations for Corrective. Measures 

: aiternatives for overall site implementation are described in Section 7.0. : 
. . . . . . - . 

In the following sections, potential Corrective Action technologies have· been evaluated for Site-

wide Groundwater to meet the Site CAOs related. to groundwater and Site Groundwater clean- . 

up goal. . 

. · 6.4.4 INSTITUTIONAL CONTROLS . 

(t4.4.1 • DESCRiPTION 

Institutional controls (I Cs) are designed to prevent human exposures groundwater contaminants · · 

over both· the. short and long-term periods~ · ICs are currently in place to address .onsite. 

wastewater treatment of recoverl:ld groundwater. Fim~I I Cs co.uld include: .. . . ~ . 

o Plant safety plan · descriptions of Site-wide Groµnc,iw~ter with. safety protocols .· and 

restrictions for working within or near groundwater, 

o Hazard communication plan for worker activities potentially exposed to groundwater, 

including periodic worker and contractor training as. necessary, with a general plant 
. -- ... ' .. . - . . .. . . . . . . .. 

facility plan and· mapping notations for . the groundwater conditions for reference 

purposes,· 

o Deed restrictions aridior recotdation with Miss Utility of WesfVirginia. The use of deed . 

. restrictions will be applicable if the current land use changes at some. pointin the future, 

as any deed restrictions will run with the land ... 

This cost estimate is prl:lsented in Table 6 .. 4-1.Based on the general acceptance of the need. 

and benefits of ICs in general, this technology .will be carried forward into Section 7.0 for 

· incorporation into Site-wide Alternatives: 

6.4.5 SITE-WIDE CONTAINMENT BARRIER· SLURRY WALL 

6.4.5.1 . DESCRIPTION 

. The implementation of a low permeability, vertical containment barrier is a potentially applicable . 

. Corrective Action · technology .for· Site-wide Groundwater .. The. purpose of the barrier is. to .. 

reduce/eliminate the lateral migration potential of dissolved phase constituents into the 

surrounding surface water bodies, primarily the Ohio River. The s,lurry waH would be used as a 

primary· groundwater migration control mechanism as an alternative to· the existing Site-wide 

Containment and· Treatment system. However, long-term groundwater dewatering from within . 
• - I • • • 

the containment. area would stilL be. required to maintain. an inward hydraulic gradient to the 

containment cell area. 
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Currently; contaminated groundwater is hydraulically contained by the site recovery well system 

I 

(MFG, 2003). The average pumping rate of the recovery well system over the last 5 years has 

been reported to be 474 gpm (MFG, 2003). The net effect of the containment barrier would be a 

reduction iri the total site groundwater pumping rate, and the volume of groundwater to be' 

treated: G·roundwater dewatering within the containment cell and 6risite treatment and ... 

monitoring are included in this alternative. Four new monitoring wells are included in the cost 

. estimate .. · 

. The barrier technology evaluated consists . of a soil-bentonite slurry wall installed to depths 

commensurate with the bottom of the alluvial aquifer {'.-50 ft-bgs to bedrock). A slurry wall is 

' expected to be more effective than a steel' sheet wall. based on a preliminary assessment, of ' 

' subsurface conditions at the site. See the Sheet Pile Containment Barrier evaluation for SWMU. 

• Group A(Section 6.2.3). The slurry ~all is constructed by excava;ting a trench that is fllled with 

bentonite. slurry. The slurry hydraulically· supports the trench to· prevent collapse· and forms a. 

filter cake on the trench walls to reduce groundwater flow. The assumption for this analysis is . 

'' that the trench is backfilled with the excavation spoils that are blended with additional bentonite 

·• to form the complet~ barrie~ wall. If the exc.avated spoils. are not free of contamin~nts,. they · · 

• would not be useable for a trench backfill. Clean fill material would need to be imported for 

backfill, and the spoils would be· assumed to be hauled offsite for disposal at a RCRA 
. Hazardous waste landfill at considerable costs. Evaluation of the SWMU Group A landfill under 

. a RCRA.Corrective Action Management Unit (CAMU) designation may enable the spoils to be 

placed on site in the landfill could. neutralize so.me of those costs .. · . 

. · The Site-wide Groundwater slurry wall barrier length required to contain the site· is estimated to.· 

. be 13,000 ft. For a maximum barrier depth of -60 feet, the. wall could be· constructed with a 
. .. . .. . .. - .. . .. . .. -- . . . . ., 

large excavator. These excavators have been used for trenches up to 100 feet in depth. A · 
• • • - • I • • - • ' 

· working· platform · approximately· .50:.100 feet wide 'is required for trench construction. The 

SWMU Group A topography varies· and would require additional construction measures as . 

described in Section 6.2.4. 

6.4.5.2 CONTAINMENT BARRIER (SLURRY WALL) INFILTRATION ANALYSES 

An. estimate of the net· water inflow to the containment area has been made. in order to define. 

the. cost of dewateririg and water treatment operations. The main components of inflow to the 

containment cell area are: rainfall infiltration, barrier leakage anq bedrock leakage. 

The net infiltration into the. site-wide area has been estimated assuming current. mixed cover 

· conditions. For· capped areas, rainfall infiltration would· be assumed to be negligible. For. the 

Site·, the het infiltration is estimated to be 5 iriches per year. Over an estimated containment• · 

area of· approximately · 130-acres, · ttie annual water volume would be 650 acre-inches, or 

.. approximately 17.6MM gallons. The average flow rate would be approximately 33.6. gpm. ) ' ' ' ' ' '' : ' '' '' ' 
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• The slurry wall to bedrock will not provide complete isolation of the groundwater. · The rate of · 

leakage has been calculated based on a range of b_edrock permeability and seepage zone . 

. thicknesses. The site-wide containment area seepage rates_ are estimated to range from 89:2 to · 

167 gpm. 

Groundwater removal from within the containment barrier is included in this measure. The level 

of internal drawdown is estimated to be at eievation 600 ft (H2} to maintain an ihward hydraulic 

•gradient.· It is aiso assumed .that the existing groundwater re.moval/treatment system will be in-• 
- . . . . . -

.• operation and will allow treatment of pumped groundwater. This alternative will include the 

. costs for treating the total estimated seepage through the containment system as an alternative 

to the existing groundwater recovery system. This_ total inflow (and average pumping rate). is · 
- . . . . . . . . . . ' . . . . . . . ' . - . . . - . . 

estimated at 162 gpiTI ( 1.0 safety factor) for cost evaluation purposes: . 
• • ' I • • ' 

6.4.5.3 .EVALUATION OF SLURRY WALL CONTAINMENT BARRIER FOR SITE~WIDE 
GROUNDWATER . 

The evaluation . of the seven . criteria • for a slurry wall · Containment . Barrier. for Site~wide 

; Groundwater condenses down to two:overriding issues: Implementability and Cost; which is 

. related to implementability. 

:6A.5.3~ 1 · IMPLEMENTABILITY 

The constructability of a slurry waH around the perimeter of the Site is very difficult to impractical . 

in this operating facility (See Figure 3.2. and 3;3). · Some of the issues that would' need to be 

overcome include: 

~ Constructing a -slurry wall to bedrock within feet of the Ohio River is possible but very 

. difficult. 

The westem boundary of the Site is very near the railroad and the Ohio River. 
- . . . - . . ' . . . . 

. The proposed slurry . wall alignment is intersected by underground . utility and 
. . 

process as well as overhead_ obstructions .. Avoiding the railroad and Site related 

obstructions in the alignment pathway forces the alignment very near the· Ohio • · 

River. -Water intrusion into the trench excavation for the slurry wall would pose a 

difficult and expe_nsive engineering and construction challenge . 

. ~ Operating process facilities along most of the proposed barrier alignment severely limits 
. . . . . 

the constructability . of the barrier. Sufficient . undeveloped property . areas are · not 
- . . . . . . . . . . . . . 

. currently available beyond the plant operations to allow unrestricted construction of a 

barrier .. ' 

~ ·· Site utilities and process piping and communications infrastructure. 

~ . Property access along the western side of the barrier woul_d involve railroad right-of-way 

·· issues . 
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6.4;5.3.2 COSTS 

Ignoring most qfthe unknowns mentiohed in the "implementability" discussion, an engineering 

. cost estimate has been developed using .standard. costing. software .. This. result ($15,7MM 

Capital) is _ presented in _detail in Table 6.4-2.. However, _ the cost to. deal with the 
. . . . . . . - . . . . - . . . . . . . . . . 

impleriientab_ility issues is not ·determinable ·with standard software at present. Consequently, 

. the uncertainty in the estimated cost fo implement this teclinoiogy is 100% or more ... 

·6.4.5.3.3 ALLUVIAL AQUIFER SLURRY WALL..:.. EVALUATiON SUMMARY. 

. A slurry'wall barrier 'tor the Site~wide Gr~undwater is riot' practical from an implementability or.' 

cost standpoint. In addition, a perimeter barrier will still require a significant pump and treat 

. elem·ent to remove water which leaks into the site an_d insure an. inward gradient and to manage 

surface infiltration over the assumed 130 acres of contained_ area .. At this point in the analysis, it 

is clear that there are ot_her equally time test~d technologies such_ as hydraulic containment via 

groundwater extraction wells that are more practical, more cost effective and capable of 

achieving Site~wide Groundwater CAOs. . 

6.4.6 IN-SITU BIOLOGICAL TREATMENT 
. . . . . . . - . . . ' . . . ' . . 

.. -• . . 6:4.6.1 DESCRIPTION · . . · . . . . . · . .· . . . . . . . . -• . .. 

rri:.situ biological treatment (ISB) involves the use of indigenous microorganis~ to biodegrade . 

.. the • organic constituents · in the groundwater. Biotreatnient by · direct injection of anaerobic 

biosupplements - is -evaluated for Site-wide Groundwater. The· typical system uses injected 

) 

y• 

. reagents,_ such as methanol, molasses, sodium lactate, methane and hydrogen gas and other 

electron donor materials, including vendor-supplied p~oprietary agents. 

Biotreatment technology_ has been show.n to be_ effective in treating petroleum hydrocarbons, · 
. . 

.. VOCs and some of the other organics present in the main plant alluvial groundwater. As 

-indicated for lnsitt.i Biotreatment of site MPA SWMUs, (ISB Section 6.3.5), nitroaromatics have 

-• been found to · be successfully treated by .• anaerobic · degradation• by direct injection -of 

. biosupplements . 

. The -biotreatment system evaluated for · Site;wide • Groundwater involves · injection of liquid. 

biosupplements into the groundwater in. "up-gradient" perimeter locations to enhance anaerobic 

degradation of the groundwater constituents. Contaminated groundwater would be treated by 

.. ~icroorganisms establish~d within and around the treatment zone and the groundwater would 

• flow under pumping conditions. The · most cost-effective · biosupplement and nutrient · 

-• requirements and the site-specific· design, will require bench-scale testing with actual site · 

. groundwater. The effectiveness of anaerobic biotreatment for groundwater would also· be 

• determined fmm bench-scale tesUng'. The_ limiting design factor_ is generally the constituent with· 

the lowest _ degradation rate and the. required residemce time within the treatment z.one. T~e 
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· groundwater hydraulic conditions -affect- the · estimated contaminant _ residence tim~ in . the 

treatment zone and must be factored into the design. -
. ' 

. The upgradient injection approach would enable the enhanced microbictl zone to migrate toward 

the remaining areas of the aquifer, towards the center of the main plant to the recovery wells .. 

Direc~-push injection methods will be used. The plant perimeter area for injection purposes is 

assumed to be 13,000 feet long by 10 feet wide. General design parameters are as follows: 

o Treatment zone is 40-70 ft-bgs (alluvial aquifer) over an area of approximately 130,000 

-• ft2. See MPA in Figure 3-2; 

o Direct push ISB injection point spacing is on 50 ft centers (1/500 sf) within the treatment - · 

-• zone; 

0 rss dosihg for the upgradieilt injection approach is between 40 aild 400 lbs of hydrogen ... 

: donor material per.cubic yard .of aquifer (1:-.10%,. by weight). Further quantification of 

actual dosing quantities will_ be accomplished following . the completion of treatability 

testing. For the ·purposes of cost estimating the low end value of 1% (-2900 tons)was 
- . . . - . . . 

. assumed for the initial injection application; 

o ISB donor material pricing is assumed at $2~00/lb, with the material being delivered to ·_ -

. the site; and 

o Treatability testing will be.required tci determine the most-appropriate dosing level·and 

_ these costs are estimated at approximately $15,000. 

The following assumptions are made for the CMS evaluation of ISB:-

_}.> • The existing recovery well system Would be maintained at 474 gpm (Current average 

rate) -to control offsite migration of contaminated groundwater during -biotreatment 

• implementation 

}.> Source control actions at all or most of the SWMUs occur in addition to the Site-wide 

Groundwater ISB to address the source of the COis. The cost.of this source control is 

. not included in this evaluation. . 

}.> F.or cost evaluations, only one (1) round of ISB treatment wiU occur. Multipl_e rounds are 

·- expected to be required. 

The evaluation of ISB for Site-wide Groundwater is described in the following sections. 

6.4.6~2 LONG-TERM EFFECTIVENESS (Moderate -1). 
. . 

> ISB has proven to be an effective. Corrective Action technology for groundwater · 

contam_inated by organic constituents. Recent field studies indicate that Site 

Groundwater COis can potentially be treated be treated by ISB. (See Section . 

. 6.2.4) 
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Multiple: injection actions may be required to: assure treatment of $ite.,.wide 

Groundwater. -

};:, _ Organic constituents in the groundwater other_ than Site COis will compete for the 
. - . . . 

ISB donor reagents. - Most of the groundwater· that the ISB reagents will see 

during pumping and treating of Site-wide Groundw_ater is water from the -river. -

Whether ISB reagents can be developed which will specifically and preferentially · 

address Site COis vs. other organics iri the soils and groundwater will need to be . 

empirically determined. : 

6.4.6.3 REDUCTION OF TOXICITY, MOBILITY OR VOLUME (Moderate ---:1) -

.};:, Largely unknown because_ of the multiple effectiveness factors that can only be 

determined with Site testing 

ISB has · been demonstrated to be an effective technology with respect to. the 

reduction of the concentrations of COis in groundwater in other environments. 

Testing is required to: determine_ if the ISB is effective at the: Bayer Site under _ -

Site-wide Groundwater site-,specific. conditions. 

6.4.6.4 SHORT•TERM<EFFECTIVENESS (LIMITED---: 0) 

};:, - · Potential Health and safety issues for Site workers associated wit_h off-gas. -

)"' ISB_ is not effective- immediately in reducing _the conc:;entrations of COis. Testing · _ 

will be required to determine optimum reagents .. · 

The specificjty of ISB reagents wm need to be determined_ wifh bench and field 

experimentation:· 

6.4.6.5 "" IMPLEMENTABILITY (Moderate -1) 

};:, Design considerations must be made for existing aboveground structures_ and 

-ariy potential underground lines.-: 

};:, Surface access to the injection points along the plant perimeter may be limited by · 

plant facilities, however, angled injections can be -performed __ to -mitigate the 

surface obstruction concerns. 

};:, Injection spacings. of 50-100 feet are anticipated for the upgradient application _. · 

approach: _ 

6.4.6.6 COSTS (HIGH - 0) 

The engineering cost estimate summary for the ISB 9orrecUve Action technology is present~d 

Table 6.4-3. The cost of ISB materials and implementation for one (1) round of ISB treatment - -­

is estimated to be in excess of $13 MM.· -The need for multiple rounds of treatment is · · 

anticipated; --

. 6;4.6.7 COMMUNITY ACCEPTANCE (HIGH - 2) 
. . . 

};:, No concerns expected~ 
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) • . 6.4.6.8. STATE ACCl;PTANCE {Moderate - 1) 

) 

) 

>- State/agency concerns expected with respect to formation of .undesirable by 

products. 

>- ISB may require procurement of a Class V UI.C Permit-by-Rule. 

6.4:6.9 · SITE·_WIDE GROUNDWATER ISB -EVALUATION SUMMARY .. 

. · ISB for. Site-wi.de. Groundwater is not. an acceptable technology for incorporation into. Site 

. Alternatives based on the uncertainties of performance in the alluvial aquifer under high flow . 

pumping conditions arid the very high costs even assuming success with a limited number of 

. injection rounds. 
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·. ~POTESTA 
) · · 6~4.7 ENHANCED SITE;.WIDE GROUNDWATER CONTAINMENT AND TREATMENT 

) 

6.4:7 .1 DESCRIPTION 

.• An enhancem~nt of the existing groundwater recovery, . treatment and hydra~lic containmenf .. 

system was evaluated as an alternative to meet Site-wide Groundwater CAOs~ Currently, . · 

· contaminated groundwater migration is hydraulically contained by the si~e groundwater recovery 
. ' ' . . ' .• ··1 ' .. ' .. 

well system (MFG, 2003) .. The average pumping rate of the r€?covery weU system over the last 5 . 

· years is reported to be approximately 47 4 gpm (MFG, 2003). 
. . 

.• The groundwater recovery well syste~ consists of. three wells: RW-1, RW-2 and RW-3, each. 

· s~reened. ~cross . the entire saturated thickness. ~f the. ~lluvial aquifer. These three (3) 
. . . . . . . . / . . . . . . . 

.• groundwater recovery wells continuously pump groundwater in Order to maintain a hydraulic 

. capture · zone for· Site COis that have. been: transported: info the alluvial· aquifer. Recovered 

: groundwater is then processed through the existing wastewatertreatment plant at the Site 

. For the Enhanced ·· Site-wide . Groundwater Containment and Treatment evaluation, two . 

. additional · recovery wells are .assumed to be installed . to . add more · certainty that Site 

groundwater is hydrauiically contained. The assumed site-wide pumping rate increase for cost 

· estilllating purposes is 300 GPM, or an assu~ed final . pumping rate of 774 gpm for the 

.• Enhanced Site.;.wide Groundwater Containment and Treatment system. ·• 
. . ' - . . . . 

The evaluation of the Enhanced Site-wide Groundwater Cont~inment and Tr~atment system is 

. described in the following sections; . 

. 6.4.7.2 LONG-TERM EFFECTIVENESS (Effective -2) 

The current recovery well pump and treat system has been proven to be effective in addressing 

all ofthe Site.:.wide Groundwater CAOs: 

~· · · Prevent unacceptable human exposures · to recovered · contaminated 

groundwater. 

~. . · Maintain current groundwater recovery well ~ystem. operation for groundwater• 

collection and plume hydraulic containment within the Site boundary ... 

~ . · . . Provide for the continued co.ntrol of pot~ntial off-site migration of contaminated 

. groundwater to a level that is protective. of surface water quality'. 

~ Implement reasonable efforts to eliminate or mitigate. further releases of 

contaminants from Site SWMUs (using the site boundary as the point of 
· ·· compliance). 

• The enhanced system would add more certainty and redundancy to· total containment· as • 

measured at the POC . 
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6.4~7.3 .. REDUCTION OF ,TOXICITY, MOBIUTY OR VOLUME (Moderate-:- 1) . · . 

)i>. . P&T systems are· effective in reducing . the concentration and volume· and . 

controlling the mobility of COis in the groundwater. 

. )i> P& T systems over time will .red.uce the mass of the _COis on .the Site by treatment 

of the groundwater containing the COis .. · 

)i> No immediate reduction ·of the sources of COis .. 

6.4.7.4 SHORT-TERM EFFECTIVENESS {EFFECTIVE - 2) 

)i> Meets the shorHerm CA Os Site groundwater .. 

> Prevent · unacceptable · human exposures to . recovered contaminated · 

groundwater: . · 

);>. · · Maintain •current ·groundwater··recovery well system operation for groundwater · 

collectio.n and plume hydraulic containmentwithin the Site boundary. 

· ~ Provide for the continued control of potential off-site migration of contaminated . 

groundwater to a level that is protective of surface water quality. 

6.4.7.5 IMPLEMENTABILITY (Easy~ 2) 

)i> On-site recovery well system has· been . in operation . since 1985, operating . . . . . . . . ... 

. . continuously without interruption. 

) )i> The. two additional groundwater recovery well locations can be selected and 

installed within operational constraints.· 
- . . . . . . 

. .. )i> The Bayetwaste treatment facility has ttie capacity to treat the additional 300 
gpm of groundwater. 

• 6.4;7.6 COSTS (Moderate -1) 
. . . 

. New capital. cost is estimated at $0.137 MM. O&M is about $0.500 MM per year. · The 

engineering cost estimate summary is presented in .Table 6.4-4 . . 

6.4.7.7 COMMUNITYACCEPTANCE {High':'"' 2) 

· .: >: ·· No concerns are expected. 

6.4.7.8 STATE ACCEPTANCE (High -2). 

• )l': . · No concerns with.Stat~/Agency acceptance are expected. 

)' 
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POTESTA 
.....,,_ 

) 6.4.8 CORRECTIVE MEASURES ALTERNATIVE RANKING SUMMARY - SITE-WIDE 

) 

GROUNDWATER 

Site-Wide Groundwater - Techn!Qlogy Evaluation R~sults S1immary -- . 

TechnologY. Eva/u[#tion Result 

Institutional Controls 

Covers/Caps (Soil, pavement and/or synthetic membranes) 

' '·'., r. 

Containment Barriers ( slurry wall) 
., '' - ···; r 

_.: . 

'passive' treatment Walls [Verlie~! walls constnic.ted by tren_ching and/or injection.Jc 
; - - -- - . ' - ..... _ · . .'- ', ' ,-.' ' ' -- '' - - ' - - .;_ 

Zero-valent iron (ZVI) 

Biosparging 
- - !-: 

In-situ Chemical Oxidation (ISCO) 

In-situ Biological (ISB)[Aerobic and/or Anaerobic] 

Chemical Flushing 

Soil Vapor Extraction (SVE) 

Enhanced SVE (In-situ thermal desorption by resistance and/or RF heating) 

Stabilization 

-Ex-~itu Treaiment!Dh5posal{Assumes remova~ by excavation and/or pumping] 

On-site Incineration (Bayer Facility) 

Off-site Incineration 

Thermal Desorption 

Biopiles / Landfarming 

Soil Washing 

Off-site Landfill 
., 

-·Gfoundw~t_er-'Tmatinent 

Enhanced Site-wide Groundwater Containment and Treatment -Ret~io~d, -- _ : . 
j ", 

Natural Attenuation 

Trenches and/or recovery wells - Perched water Collection 

~ - Evaluated and eliminated from furlher consideration 

As indicated previously each of the potential Corrective Action technology alternatives for Site­

wide Groundwater were ranked following the completion of the criteria evaluations. Table 6.4-5 

presents a summary of the non-discounted direct/indirect capital costs, O&M (annual) costs, 

. and associated -periodic costs for each of the evaluated Corrective Action technologies for 

comparative purposes. Present value calculations were completed for each of the individual 

Corrective Action technologies with the key assumption that the given technology was the only 

remediation required. Tabie 6.4-6 presents a summary of the present value calculations for the -

) evaluated Corrective Action technologies for Site-wide Groundwater. The retained Corrective 
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~POTESTA•.· 
Action technologies w.ill be utilized to formulate Site Corrective Measures Alternatives and 

.discussed in.Section7.0 .. 
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